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CHAPTER 1 
EMBRYOLOGY AND ANATOMY OF THE MALE GENITALIA 


Embryology 
I. Internal genitalia 


e The interior reproductive organs are developed from the mesonephric (Wolfian) duct in males and the 
paramesonephric (Millerian) duct in females. 

e In males the paramesonephric duct atrophies under the effect of the Millerian duct inhibitory hormone 
while the male mesonephric duct persists. 

e Also, most of the mesonephric tubules regress, except those adjacent to the testis, which form the head 
of the epididymis. The cranial portion of the duct becomes elongated and convoluted to form the body 
and tail of epidiymis, and the central portion of the duct develops thick muscular wall to become the vas 
deferens. 

e The terminal portions of the duct between the developing seminal vesicles and the urethra become the 
ejaculatory ducts and the ampulla of the vas deferens. 

e The testis develops from the indifferent gonads. 


Il. External genitalia (Fig.1.1) 


e The external genitalia of both sexes develop from the caudal part of the urogenital sinus and the paired 
genital tubercles, genital (urethral) folds and genital (labioscrotal) swellings. 

e In the male, the caudal part of the urogenital sinus gives rise to the posterior urethra (prostatic and 
membranous parts), Cowper’s glands and the prostate. The genital tubercles differentiate into the two 
corpora cavernosa and their crura. The urethral folds give the anterior urethra (bulbous and penile parts) 
with the surrounding corpous spongiosum, which expands distally to form the glans penis. Thus the 
penis has two separate origins for its erectile bodies. The genital swellings fuse in the midline to form the 
scrotum. 


Anatomy 


The penis (Fig.1.2) 

e It consists of an attached part, the root, and a free pendulous part, the body. 

e The root is situated in the superficial perineal space and it includes two crura and the bulb. Each crus is 
attached to the ramus of the ischeal tuberosity, and continues anteriorly as a corpus cavernosum. The 
bulb of the penis lies between the two crura. 

e The body of the penis consists of three elongated masses of erectile tissue, two corpora cavernosa and 
the corpus spongiosum. The corpora covernosa form the main bulk of the penile body. Each corporal 
body is made up of a network of trabeculae composed of connective tissue and smooth muscle and is 
covered with endothelium which lines also the spaces between the trabeculae. 

e The corpora cavernosa are surrounded by a dense fibrous covering, the tunica albuginea, and are 
separated by a median fibrous septum which has many perforations that allow free passage of blood 
from one side to the other, allowing the two corpora to function essentially as a single unit. 


The corpora cavernosa are surrounded bv another dense fascial sheath, buck's fascia, which is superficial 
to the tunica albuginea and sends fibrous septa that extend between the three corpora of the penile 
bodv. 

The corpus spongiosum lies in the ventral groove formed by the two larger corpora cavernosa. It 
contains the urethra and enlarges at its distal end to form the glans penis. 

The glans penis is separated superficially from the rest of the penile body by a constriction, the neck of 
the glans. The corona glandis is the prominent margin of the glans adjacent to the neck. 

The skin of the penis is remarkable for its thinness, its dark colour and its looseness of connection with 
the fascial sheath of the organ. The high degree of cutaneous sensitivity possessed by the general 
surface of the glans penis is even more marked near the frenulum (a median fold that passes from the 
deep layer of the prepuce to a point on the glans immediately proximal to the external urethral orifice). 
On the corona of the glans and on the neck of the penis there are numerous small prepucial glands, 
which secrete a sebaceous material, the smegma. 

The penis is supported and suspended by two ligaments, the fundiform and the suspensory ligaments. 
Both are continuous with the fascia of the penis and are attached to the penis near the junction of the 
body with the root. The first is continuous with the linea alba and the second is attached to the 
symphysis pubis. 


Arterial supply and venous drainage 


The penis is a highly vascular organ. It receives most of its blood supply from the internal pudendal 
artery which is a branch of the hypogastric artery. The internal pudendal arty gives the bulbar artery, the 
urethral artery, the deep artery of the penis and the dorsal artery of the penis. The urethral and brulbar 
arteries supply the urethra and corpus spongiosum including the glans penis. The deep artery of the 
penis (Cavernous artery) runs through and supplies the entire of the corpus cavernosum. Inside the 
cavernous structure it divides into convoluted and dilated vessels named the helicine arteries which 
open into the cavernous spaces. 
The dorsal artery of the penis runs beneath the deep fascia on the dorsum of the penis. Its branches help 
to supply the erectile tissues of the corpora cavernosa and corpus spongiosum, and they anastomose 
with branches of the deep artery of the penis and of the artery of the bulb. The dorsal artery provides 
most of the blood supply to the glans. 
The venous drainage of the penis occurs by: 
o The superficial dorsal veins drain the prepuce and the skin of penis. 
o The deep dorsal veins drain the glans and the mid and distal parts of the corpora cavernosa into the 
periprostatic plexus. 
The bulbar and urethral veins drain the corpus spongiosum. 
The cavernous and crural veins drain the crura and the proximal part of the corpora cavernosa into 
the periprostatic plexus and the internal pudendal veins. 


Nerve supply 


The dorsal nerves of the penis, which are branches of the pudendal nerves, carry the afferent sensory 
supply from the penile skin especially the glans. 

The cavernous nerves carry the efferent autonomic supply to the corpora cavernosa and corpus 
spongiosum. 


These nerves are responsible for erection and they arise from the prostatic plexus of nerves which is a 
part of the pelvic plexus made of a parasympathetic component from S,-S, and a sympathetic 
component from the hypogastric plexus. 


Scrotum 
The scrotal pouch is partitioned into two sacs by a partial median septum. Each sac contains a testis, 
epididymis and the spermatic cord. 
The scrotal sac consists of six layers: skin, dartos muscle (smooth muscle), external spermatic fascia, 
cremasteric muscle (skeletal muscle), internal spermatic fascia, and the tunica vaginalis. 
The scrotum can contract and relax quite rapidly in response to various external and internal 
circumstances. It relaxes and becomes pendulous with warmth, fatigue, or a relaxed psychic state, while 
it contracts and becomes elevated with fear, cold, physical exertion and during the sexual act. 


The testis 
The adult testis is ovoid in shape and normally measures 4.6cm in longest diameter (range 3.6 to 5.5cm) 
and 2.6cm in width (range 2.1 to 3.2cm) and weighs approximately 32gm. A length less than 3.6cm 
signifies hypogonadism. 
Normal testicular consistency is firm and somewhat elastic. In about one half of adult men one testis is 
suspended lower than the other. 
The testis is surrounded by a capsule made up of three layers; the outer tunica vaginalis, the middle 
tunica albuginea, and the innermost tunica vasculosa. 
The intra-testicular vascular network is arranged in such a way as to allow cooling of arterial blood and 
exchange of hormones between the circulation and the seminiferous tubules and Leydig cells. Testicular 
temperature is 2 to 4°C lower than rectal temperature. 
The testicular parenchyma consists of seminiferous tubules embedded in interstitium. The seminiferous 
tubules are long and highly convoluted; if a tubule was stretched to full length, it would extend to 600 
cm. 
The seminiferous tubules terminate into straight ducts, the tubuli recti (15 to 20 in number), which 
empty into the rete testis. 
The rete testis is made of a network of anastomosing tubules lined by flattened epithelium which 
coalesces to form the ductile efferentes which form the head of the epididymis. 
The interstitial connective tissue between the seminiferous tubules contains blood vessels, lymph 
vessels, fibroblastic supporting cells, macrophages, mast cells and Leydig cells. 
The blood-testis barrier is a physical barrier between the blood or lymph vessels and the lumen of 
seminiferous tubules. It is present at the tight junctions between Sertoli cells membranes, that prevents 
free diffusion of substances into and out of the seminiferous tubules. 


Arterial supply and venous drainage 


The arterial blood supply to the testis is derived from the internal spermatic artery which arises from the 
aorta just below the renal artery and course through the spermatic cord to the testis where it 
anastomoses with the cremasteric artery and the artery of the vas branching off from the hypogastric 
artery. 

The venous drainage of the testis and epididymis is accomplished by a dozen veins which anastomose 
around the vas deferens in the spermatic cord at the internal inguinal ring to form the pampiniform 
plexus. This plexus is ultimately reduced to a single vein, the spermatic vein, which on the right side 
enters the vena cava and on the left, empties into the left renal vein. 


Nerve supply 

The testis has no somatic innervation but is supplied by autonomic sympathetic supply via the superior 
spermatic nerves which are derived from the intermesenteric plexus and the renal plexus. This origin of 
testicular nerve supply may explain testicular pain association with upper urinary tract disease. 


Epididymis(Fig.1.3) 
The epididymis is made of three segments: a head (caput), a body (corpus), and a tail (cauda). 
The head is situated at the upper pole of the testis, the body lies behind the testis on its posterior 
aspect, and the tail is attached to the inferior pole. The head is made of the ductuli efferentes and the 
body and tail form a single tube, the ductus epididymis. The efferent ductules, 12 to 20 in number, arise 
from the rete testis. 
The epididymis has contractile smooth muscle cells and is innervated by sympathetic fibers. 
The epididymis receives arterial supply from the testicular, vasal and cremasteric arteries. The veins of 
the epididymis drain to the pampiniform plexus. 


Vas deferens 
This is a very thick, muscular duct 2 to 3mm in diameter, 30 to 35cm in length, with a lumen 
approximately 0.5mm in diameter. 
It begins at the tail of epididymis and terminates in the ejaculatory duct. 
Because of its heavy muscular coat it can be palpated through the soft tissues of the spermatic cord. 
It travels through the spermatic cord and the inguinal canal, and then leaving the cord, it loops over the 
origin of the inferior epigastric artery and passes extraperitoneally, caudally, and laterally in the pelvic 
wall. 
It terminates in a dilated, spindle-shaped ampulla, which lies between the base of the bladder and the 
rectum, and finally passes downwards to the base of the prostate, where it is joined at an acute angle 
by the duct of the seminal vesicle to form the ejaculatory duct. 
The vas deferens receives its arterial supply from the artery of the vas and has both sympathetic and 
parasympathetic nerve supply. The cholinergic supply is of minor importance while the rich adrenergic 
supply derived from the hypogastric nerves via the presacral nerve, is important for the motor activity of 
the vas deferens. 


Ejaculatory duct 
This is the short (about 2cm) slender termination of the vas deferens after it has joined the duct of the 
seminal vesicle. 
It traverses the glandular tissue of the prostate to open into the prostatic urethra at the crista urethralis 
on either side of the prostatic utricle. 


Spermatic cord (Fig.1.4) 
When the testis descends into the scrotum passing through the abdominal wall and traversing the 
inguinal canal, it carries with it its vessels, its nerve supply and its lymphatics as well as the vas deferens. 
All these structures meet at the deep inguinal ring and together form the spermatic cord, which then 
suspends the testis in the scrotum and extends from the deep inguinal ring to the posterior border of the 
testis. 
The spermatic cord is composed of arteries (testicular artery, cremasteric artery, and artery of the vas), 
veins (pampiniform plexus), lymph vessels, nerves and vas deferens; all of these are connected by 
areolar tissues. 


Prostate (Fig.1.5) 

The adult prostate is about the size and shape of a chestnut. 

The prostate is located in the inferior portion of the pelvic cavity surrounding the beginning of the male 
urethra. Its apex abuts against the urogenital diaphragm containing the exit of the prostatic urethra and 
is about 4cm from the anus. The base is related to the urinary bladder. The posterior surface is related to 
the ampulla of the rectum. The anterior surface is about 2cm behind the symphysis pubis, separated 
from it by a rich plexus of veins and some loose adipose tissue, and is connected to the pubic bone by 
the puboprostatic ligaments. The inferolateral surfaces are related to the levator ani muscles. 


The glandular epithelium of the prostate is highly responsive to androgens and the cell cytoplasm is rich 
in acid phosphatase. The prostate secretion forms a part of the ejaculate. In the absence of androgens 
(e.g. castration), the prostatic epithelium undergoes atrophy and the acinar cells flatten and cease to 
secrete. 

The arterial supply of the prostate is from the prostatic artery, a branch of the inferior vesical artery, 
which is a branch of the hypogastric artery. The venous drainage is through the prostatic venous plexus. 
The inferior hypogastric plexus of nerves gives the prostatic plexus which in turn gives branches to the 
prostate, seminal vesicles, prostatic urethra, ejaculatory ducts, corpora cavernosa and Cowper’s glands. 


Seminal vesicles (Fig.1.6) 
The seminal vesicle is a highly convoluted glandular sac, about 5cm long and 1cm wide, lying lateral to 
the vas deferens on the posterior surface of the bladder base. 
The seminal vesicles are not palpable on rectal examination unless they are distended, inflamed, or 
obstructed. 
Their mucous lining is made up of many folds and is of pseudocolumnar epithelium containing goblet 
cells whose secretion contributes to the bulk of the seminal fluid. 


Cowper’s glands 
They lie on each side of the membranous urethra. 
Their ducts, however, run distally for about 3 or 4mm into the corpus spongiosum of the penile bulb 
before they open into the bulbous urethra. 
They secrete a mucoid secretion during foreplay. 


Male urethra (Fig.1.7) 
The male urethra extends from the bladder neck to the external urinary meatus; its length is 
approximately 20cm. 
The urethra is divided by the external urethral sphincter muscle into posterior and anterior segments, 
each is made of two parts. The posterior urethra is 5cm length, lined by transitional epithelium and 
includes the prostatic and membranous parts. The anterior urethra is 15cm length, lined by columnar 
epithelium (except for the terminal 12mm, the fossa navicularis, which is lined by stratified squamous 
epithelium) and includes the bulbous and penile parts. 
The penile urethra is the distal free pendulous part of the urethra. It extends from the penile angle to 
the fossa navicularis, where it widens and then narrows again at the external meatus. 
The roof and sides of the penile urethra contain the openings of the ducts of Littré’s glands which 
secrete mucus during foreplay. 


CHAPTER 2 
SPERMATOGENESIS 


Normal histology of the testis (Fig.2.1) 


The histology of the testis can be divided into 2 compartments. These are the tubular compartment 


consisting of the seminiferous tubules and the interstitial compartment between the seminiferous tubules. 


I. Interstitial compartment 


The most important cells of this compartment are Leydig cells. 

These cells are the source of testicular testosterone and of insulin-like factor 3 (INSL3). 

Aside from Leydig cells, the interstitial compartment also contains immune cells, blood and lymph 
vessels, nerves, fibroblasts and loose connective tissue. 


Androgen actions in male reproduction 


1. 


Leydig cells in the fetal primordial gonad secrete testosterone, which acts to maintain the Wolffian duct 
structures. The Wolffian duct differentiates into the adult seminal vesicles, vasa deferentia, and the 
distal two-thirds of the epididymides. Testosterone also acts in the fetal Sertoli cell to induce the 
production of anti-Millerian hormone (AMH), also known as Miullerian inhibiting substance (MIS). 
AMH/MIS is a peptide hormone that causes regression of Mullerian duct structures (the embryonic 
precursors of the fallopian tubes, uterus, and the upper two-thirds of the vagina in a female). 

AMH and testosterone prevent differentiation of the primordial gonad into an ovary. 

Testosterone mediates the second phase of testicular descent during fetal development. In short, 
testosterone acts to drive development towards phenotypic maleness. 

Other areas that contain androgen receptors and are considered as targets of androgens include the 
muscle, skin, bone, and kidneys. 

In the adult, spermatogenesis requires testosterone acting through the androgen receptors in the 
Sertoli cell, which in turn mediates reduction division during germ cell meiosis. 

Androgens are also necessary for normal spermatid differentiation and play an important role in the 
epididymis, where spermatozoa acquire motility. 

Androgens maintain the differentiated function of the prostate and seminal vesicles, and their 
secretions. 

Testosterone alone qualitatively (but not quantitatively) maintains spermatogenesis in the absence of 
gonadotropins. The action of testosterone on spermatogenesis is primarily mediated through the AR 
in the Sertoli cell, and to a lesser extent in the Leydig cell and the peritubular myoid cell (PM). Despite 
the absolute requirement for testosterone during spermatogenesis, the steroid does not act directly 
on the developing germ cells, suggesting that spermatogenesis requires complex intercellular 
paracrine interactions. 


. Tubular Comportment (Fig.2.2) 


Spermatogenesis takes place in this compartment which represents about 60-80% of the total testicular 
volume. 

It contains the germ cells and two different types of somatic cells, the peritubular cells and the Sertoli 
cells. 

The testis is divided by septa of connective tissue into about 250-300 lobules, each one containing 1-3 
highly convoluted seminiferous tubules. 

The length of individual seminiferous tubules is about 30-80cm. 


1. Peritubular Cells 

e Peritubular cells (myofibroblasts) are arranged around the seminiferous tubules in concentrical layers 
that are separated by collagen layers. 

e Peritubular cells produce several factors that are involved in cellular contractility: panactin, desmin, 
gelsolin, smooth muscle myosin and actin. 

e These cells also secrete extracellular matrix and factors typically expressed by connective tissue cells: 
collagen, laminin, vimentin, fibronectin, growth factors, fibroblast protein and adhesion molecules. 

e Mature sperm are transported towards the exit of the seminiferous tubules by contraction of these cells. 

e Peritubular contractility is mediated by endothelin and this effect is modulated by the relaxant peptide 
adrenomedullin produced by Sertoli cells. 


2. Sertoli Cells 


e These cells are located on the basal membrane within the germinal epithelium and extend to the lumen 
of the seminiferous tubule. 
e Functions: 
o Nourishment: Their main function is to nourish the developing sperm cells. 
o Support: They can be considered as the supporting structure of the germinal epithelium. 
o Synthesis and secretion: Sertoli cells synthesize and secrete a large variety of factors: 
a. Anti-Mdllerian hormone: secreted during the early stages of fetal life. 
b. Inhibin and activins: secreted after puberty, and work together to regulate FSH secretion. 
c. Androgen binding protein: increases testosterone concentration in the seminiferous tubules to 
stimulate spermatogenesis. 
d. Estradiol aromatase from Sertoli cells convert testosterone to 17 beta estradiol to direct 
spermatogenesis. 
e. Transferrin: a blood plasma protein for iron ion delivery. 
e Phagocytosis: they phagocytize the residual portions of the spermatozoa during spermatogenesis. 


3. Germinal Cells 
See spermatogenesis. 


Spermatogenesis 


e Spermatogenesis refers to the production and development of spermatozoa. 

e While somewhat lengthy, taking about 64 days in humans, spermatogenesis is a highly efficient 
procedure leading to the production of an estimated 70 million spermatozoa daily. This coordinated 
development proceeds through sequential stages. 

e Steps of spermatogenesis are as follows: 

I. Spermatogonia: they are diploid cells (contain 46 chromosomes). They lie at the base of the seminiferous 

epithelium and are classified as: 

e Type A and type B spermatogonia. 

e Two types of A spermatogonia can he distinguished: the Ad (dark) spermatogonia and the Ap (pale) 
spermatogonia. 

e The Ad spermatogonia do not show proliferating activity and are believed to represent testicular 
stem cells. These germ cells, however, undergo mitosis when the overall spermatogonial population 
is drastically reduced, for example due to radiation. 

e In contrast, the Ap spermatogonia undergoe mitotic division (two daughter cells are formed with 
exactly the same chromosomal number of the original cell) and give rise to: 

o Ap spermatogonia (to replenish this cell pool) and 
o B-type spermatogonia for further development. 

e From B spermatogonia the spermatocytes are derived directly before the beginning of the meiotic 

division (formation of gametes containing half the number of chromosomes). 


v 


II. Spermatocyte I: will duplicate its DNA so that each of its 46 chromosomes will have two chromatids per 
each chromosome at the end of the growth stage. Each Spermatocyte | will divide by meiosis to give rise to 
two haploid Spermatocvte II. 


III. Spermatocyte II: each having 23 chromosomes and each chromosome is made up of two chromatids. 


IV. Spermatids: each Spermatocyte II will then divide by meiosis to give rise to two Spermatids. Each 
spermatid will have 23 chromosomes but the number of chromatids per chromosome is ONE. 


V. Spermatozoa: since the spermatid onlv changes in shape and does not divide to produce a sperm, the 
number of chromosomes and chromatids will stav the same as in the spermatid. The sperm will have 23 
chromosomes (one chromatid per each chromosome). 


Spermiogenesis and spermiation 

The metamorphosis of round spermatids into motile spermatozoa capable of traversing the reproductive 

tracts and fertilizing an oocvte is traditionallv divided into the processes of spermiogenesis and spermiation. 

e Spermiogenesis refers to the acquisition by the germ cell of several organelles and accessory structures 
such as the acrosome and the flagellum. 

e Spermiation involves shedding of the germ cell into the tubule lumen and removal of the last vestiges of 
the cytoplasm (the cytoplasmic droplet) as it transits to the rete testis and caput epididymidis. 
Teratozoospermia, a common clinical finding on semen analyses, presumably is due to disturbances in 
these processes. 


Endocrine regulation of spermatogenesis 

e Spermatogenesis is initiated by the release of gonadotropin-releasing hormone (GnRH) secreted by the 
hypothalamus. 

e GnRH stimulates the secretion of the gonadotropic hormones, FSH and LH; which are secreted by the 
anterior pituitary. 

e LH is bound by receptors on the Leydig cell and causes the production of testosterone. 

e FSH is bound by receptors on the Sertoli cells and acts to promote maturation of spermatogenic cells. 
Efficient spermatogenesis depends upon the intact nature of this entire pathway. 

e Negative feedback in the hypophysial-pituitary-axis is mediated by inhibin and testosterone. Inhibin acts 
to decrease secretion of gonadotropins. Secreted by Sertoli cells in response to stimulation by FSH, 
inhibin exerts a negative feedback action on the secretion of FSH from the gonadotropic cells. 
Meanwhile, testosterone feeds back directly upon both the hypothalamus and anterior pituitary to 
decrease secretion of both GnRH and LH together. 

e Testosterone and FSH are the two major regulatory hormones of spermatogenesis. Both are necessary 
for initiation and maintenance of spermatogenesis in humans at quantitative levels. Testosterone alone 
is capable of initiating qualitative spermatogenesis only. 

e Quantitative spermatogenesis requires high levels of testicular testosterone, which in humans are ~ 100- 
fold higher than in serum, due to the local production by Leydig cells. 


Temperature regulation and spermatogenesis 

e in men testicular temperature is about 3-4°C below core body temperature and about 1.5-2.5°C above 
the temperature of scrotal skin. 

e The testes are located in the scrotum in order to maintain lower than body temperatures. 


A 


For the maintenance of a phvsiologicallv lower temperature the testis relies on two thermoregulatorv 

svstems: 

o Heat can be transferred to the external environment through the scrotal skin, as the scrotal skin is 
very thin, possesses hardly any subcutaneous fat tissue and has a very large surface. 


o The second regulatory system is in the Pampiniform plexus where several veins coil around the 
testicular artery several times. Arterial blood arriving at the testis is thereby cooled down by the 
surrounding venous blood to efficiently maintain the optimal temperature which is below body 
temperature. 

Human scrotal skin is devoid of subcutaneous fat and the presence of high sweat gland density enables 

heat transmission. 

Upon exposure to cold temperatures, the scrotal surface is minimized by contraction for preventing tem- 

perature loss and cremasteric muscles retract the testes closer to the abdomen for temperature 


maintenance. 


CHAPTER 3 
ACCESSORV SEX ORGANS 


The epididvmis 

Three low molecular weight secretions are present in high concentration in the epididvmis: 

o L-carnitine, which is not synthesized by the epididymis but concentrated from the circulation. 

o Myo-inositol, which is both transported and synthesized by epididymal epithelium. 

o Givcerol-phosphocholine (GPC), synthesized from circulating lipoproteins. 

These substances may serve a role in sperm storage in the epididymis and sperm survival in the female 

tract. 

The epididymis also secretes several proteins which may have a role in sperm maturation or storage: 

o IVF success can be predicted from the sperm content of the epididymal protein P34H. 

o The neutral form of alfa-glucosidase is an important secretion of the epididmyis, and its absence 
from seminal plasma is used clinically as an indication of distal ductal occlusion in cases of 
azoospermia. 


The epididymis contributes to a fertile ejaculate through four classical functions: sperm maturation, sperm 


transport, sperm concentration, and sperm storage. 


1. Sperm maturation 


Sperm from the caput epididymidis are essentially immotile and infertile. They gain the capacity for 
motility and fertilizing an ovum during epididymal transit, this is called sperm maturaion. Epididymal 
transit time for sperm has been estimated to require 2-6 days. 

However, epididymal maturation is not essential for fertilization by ART such as IVF or ICSI because there 
is no requirement for survival in seminal plasma, then in cervical mucus, in the uterine environment, 
and finally in the oviductal fluids. Neither is there a need for the kind of motility capable of propelling 
the sperm through the cervical mucus into the uterus and through the utero-tubal junction. 

Different measurements of sperm maturation are documented (e.g., percent progressive motility, 
percent ova fertilized with intrauterine insemination, percent ova fertilized with in-vitro fertilization 
(IVF), and percent ova-binding spermatozoa after sub-zonal injection). 

The overall data reflect the obvious trends that sperm motility and fertilizing potential increase 
dramatically from caput to cauda epididymidis. There is a general trend of increase in values for motility 
percentage, velocity of forward progression and straightness of the swim-path. These maturational 
changes occur within the proximal half of the epididymis and are accomplished in the mid-corpus 
epididymidis. 

Not only sperm motility and fertilizing potential increase during passage through the epididymis, but 
also the ability to bind to the zona pellucida, the ability to undergo an induced acrosome reaction, and 
the sperm’s potential to fuse with the vitellus. 


2. Sperm transport 


The propelling forces for sperm transport through the epididymis are (1) hydrostatic pressure from fluid 


secretion in the testis, (2) peristaltic contractions of the tubule. 


3. Sperm concentration 


The sperm-concentrating ability of the epididymis is due to fluid reabsorption subsequent to anti-luminal 


electrolyte transport. 


4. Sperm storage 


Approximately 55-65% of total epididymal sperm are stored in the cauda epididymidis. 

Ejaculated spermatozoa are unlikely to have been held for long periods in the epididymis and after about 
2 weeks of abstinence spermatozoa appear in the urine. The caudal sperm reserve is not emptied by one 
ejaculation and when aged spermatozoa are cleared from the epididymis by multiple ejaculations within 
a short period of time after a 2-week period of sexual abstinence, they are still viable. 

Spermatozoa within the epididymis retain their fertilizing potential in vitro for at least 30h after death. 
During their time in the epididymis spermatozoa are likely to be protected from lipid per-oxidation by 
certain secretory products of the epididymis such as superoxide dismutase and glutathione peroxidase 
and from damage by leaking acrosomal enzymes by a secreted acrosin inhibitor. Inadequate epididymal 
storage can be a cause of necrozoospermia. 


The prostate 
In an average 3.0-3.5mL ejaculate, the prostatic contribution is approximately 0.5mL. 
It is rich in citrate, zinc, polyamines, cholesterol, acid phosphatases, prostaglandins, and various 
proteases important in the liquefaction of semen. Citrate is an important contributor to osmotic balance 
and may also be important as a metal ion chelator. Zinc is a constituent of many metalloenzymes, and 
free zinc has been claimed to be bacteriostatic in seminal plasma. While the general function of acid 
phosphatases is known (hydrolysis of organic monophosphate esters), the specific biological role of acid 
phosphatase in semen is uncertain. Nevertheless, the enzyme is clinically important, since metastasizing 
prostatic cancer cells secrete the enzyme into serum. For this reason, acid phosphatase has served as an 
important marker for prostatic adeno-carcinoma. 
Prostate-specific antigen (PSA) has become widely used as a marker for prostatic cancer. PSA is a serine 
protease, secreted by the prostatic epithelium, which plays a role in epithelial cell regulation, but it also 
acts as a protease degrading a major galactosaminoglycan secreted into the ejaculate by the seminal 
vesicles, suggesting a role in the liquefaction of semen. 


The seminal vesicles 
The name of the glands arose from early beliefs that they stored spermatozoa, but this is not the case. 
Secretions of the seminal vesicles make up approximately 1.5-2.0 ml of the average 3 ml ejaculate. 
The most important products of the seminal vesicles are fructose, prostaglandins, and coagulating 
proteins. Fructose concentrations in secretions of seminal vesicles are approximately 3mg/mL, while a 
total concentration of other sugars is only 0.1 mg/mL. Fructose is thus the major energy substrate of 
sperm metabolism, and is important for the maintenance of sperm motility. 
Prostaglandin concentrations in seminal plasma range from 100 to 300 microgram/mL, and this is 
sufficient to produce pharmacological effects. The name “prostaglandin’ came from the original belief 
that the active agent found in seminal plasma came from the prostate. It is now known that 
prostaglandin arises primarily from the seminal vesicles. 
There are approximately 15 types of prostaglandins and these are conventionally divided into four major 
groups (A, B, C, and D) according to their structure. The E group of prostaglandins is the major form in 
the male reproductive tract, and has been associated with the induction of muscular contractions, 
changes in cervical mucus, and improvement in sperm transport. 


Seminal vesicle proteins are thought to plav a role in forming the viscous coagulum evident after ejacula- 
tion, and various proteases from the prostate, e.g., PSA, and perhaps from the seminal vesicles them- 
selves, then digest these proteins and cause liquefaction. 

There is also a potential role for seminal vesicle secretions in protecting sperm from reactive oxvgen 
species present in the semen, whether produced bv leukocvtes or generated bv the spermatozoa 
themselves. 


The bulbourethral glands and the glands of littrċ 


Their secretion forms the first part of the ejaculate, or the “pre-ejaculate,” and serves to flush the tract 
with a buffered lubricant prior to the transport of sperm. 

The glands of Littre are small, simple glands emptving into the penile urethra. These glands have little 
secretorv capacitv, and their function is unknown. 


CHAPTER 4 


STRUCTURE AND FUNCTION OF THE MATURE SPERMATOZOON 


Structure of spermatozoon (Fig.4.1) 


The spermatozoon is divided into a head and flagellum with a small connecting neck in between. 


The head 


The head is divided into the acrosomal and post-acrosomal regions. 

The acrosomal cap is a cap-like structure at the anterior end of the head, and it is followed bv the 
equatorial segment (or posterior acrosome). 

The largest part of the sperm head volume is occupied bv an ovoid nucleus, which is surrounded bv a 
perinuclear theca. 

The nucleus lies deep to the posterior acrosome and extends into the post-acrosomal region all the wav 
to the basal plate, this forms the boundarv with the neck region. 


Neck 


The connecting piece (neck) consists of a truncated cone, with its base lodged in a small fossa of the 
nuclear envelope and its tip connecting to the flagellum. 

It contains the proximal centriole, arranged perpendicularly to the axis of the spermatozoon. 

At its tip, the distal or longitudinal centriole is modified to give rise to the axoneme of the flagellum. 


Tail (Fig.4.2) 


The flagellum itself consists of a central axoneme surrounded by peri-axonemal structures. 

The axoneme consists of two central microtubules surrounded by a circle of nine microtubule doublets. 
Two dynein arms extend from each microtubule pair and are responsible for flagellar motion. 
Mutations in the left-to-right dynein gene cause immotile cilia syndrome with associated infertility. 


The Ejaculate 


The sequence in which the accessory glands contribute their secretions to the ejaculate is fixed: 


The bulbo-urethral glands secrete an alkaline solution with glycoproteins that neutralizes urinary tract 
acidity and lubricates the tract before ejaculation. 

The prostate, epididymis and vasa deferentia contract together, discharging spermatozoa and prostatic 
secretions. 

Finally the seminal vesicles contract and expel the pellet of spermatozoa to the urethra with their 
secretions before forceful expulsion to the outside. 

Of all the accessory glands that contribute to the ejaculate, the seminal vesicles provide the bulk volume 
but proper functioning of all the organs is necessary to provide sufficient fluid of the optimum 
composition for a normal ejaculate. 

The major secretions of the sex organs that appear in seminal plasma are: fructose from the seminal 
vesicles; zinc, acid phosphatase, citric acid, prostate-specific antigen from the prostate; L-carnitine, 
glycerophosphocholine, neutral alfa-glucosidase from the epididymis. They are analyzed clinically to 
diagnose possible causes of infertility; the amount of secretion provides information about the presence, 
functioning or blockage of the glands. 


Coagulation and liquefaction of semen 


Coagulation occurs as a result of interaction of a zinc-binding protein from the seminal vesicles 
(seminogelin I), that combines first with the spermatozoa and then with zinc from the prostate to 
immobilize the spermatozoa in a semisolid seminal coagulum. 

Liquefaction of coagulum occurs within 20-30 minutes. Spermatozoa are freed from the coagulum bv 
dissolution bv the proteolvtic action of another zinc-binding protein, prostate specific antigen. 


The sequence of events leading to fertilization (Fig.4.3) 


Freshiv ejaculated sperm are incapable of fertilization and must undergo a series of changes in structure 
and chemical function, termed capacitation, which end in the abilitv of the sperm to successfullv interact 
with and fertilize the oocvte. Capacitation is a series of sperm events characterized bv sperm hvperactive 
motilitv, which allows the sperm to penetrate through the cumulus cells surrounding the oocvte. 
If spermatozoa are deposited in the cervical mucus at or around the time of ovulation, when peri- 
ovulatorv cervical mucus is receptive to the sperm, the motile spermatozoa migrate into the mucus and 
form a reservoir of sperm. 
These motile sperm are thought to be released into the uterine cavitv in pulsatile fashion, with the sole 
purpose of entering the oviduct and migrating to the ampulla of the Fallopian tube, which is the site of 
fertilization. Onlv 0.196 of sperm placed in the upper vagina can be found in the cervical canal after one 
hour. 
The cervical mucus not only provides a vehicle for sperm entrance into the female reproductive tract but 
also acts as a biological filter. The mucus acts as a barrier to leukocytes, bacteria, and other 
contaminating agents present in the seminal fluid. Prostaglandins and de-capacitating agents also pre- 
sent in the seminal fluid are prevented from entering the uterine cavity as well. 
The capacitated spermatozoon penetrates the cumulus oophorus and makes contact with the zona 
pellucida. This contact induces the acrosome reaction on the surface of the zona. 
The acrosome reaction is the release of the enzyme acrosin (a trypsin-like endoprotease) from the 
acrosome on the head of the sperm. This process causes the sperm to penetrate the zona pellucida of 
the egg and begin fertilization. 
The acrosome-reacted spermatozoon drives its way through the zona substance into and across the peri- 
vitelline space. 
Binding to and fusion of the acrosome-reacted spermatozoon with the vitellus promotes migration of 
the cortical granules to the egg surface where their contents are liberated into the peri-vitelline space 
and diffuse across it to alter the zona substance such that other spermatozoa cannot bind to the zona. 
The sperm nucleus enters the egg cytoplasm and becomes the sperm pronucleus while the tail remains 
outside. 
Sperm pronucleus continues to swell as it migrates towards the egg pronucleus and then the 
pronuclei will fuse. 
Ultimately, the fertilizing spermatozoon activates zygote formation. 
After formation of the zygote, early cellular divisions occur in the oviduct. Gene expression becomes very 
rapid to enable a drastic increase in metabolism for pre-implantation development. After 2.5-3 days the 
developing zygote, still within the zona pellucida. enters the uterus where division continues to the 
morula stage (consisting of 16 totipotent cells) and blastocyst (32-64 cells). 
Within the uterine cavity the blastocyst expands and becomes asymmetrical; the outer layer defining the 
future trophectoderm and the inner cells the inner cell mass. At a late cleavage stage, compaction of the 
blastocyst occurs, when it acquires gap and tight junctions and epithelial differentiation begins. 
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CHAPTER 5 
HORMONAL CONTROL OF TESTICULAR FUNCTION: 
HYPOTHALAMIC-PITUITARY GONADAL AXIS 


Introduction 


The male hypothalamic-pituitary-gonadal (HPG) axis is a finely controlled system whose role is to pro- 
mote spermatogenesis and androgen biosynthesis. 

Hypothalamus, pituitary, and testes secrete hormones and peptides that feedback at multiple levels of 
the reproductive axis to control their own synthesis and secretion, resulting in a tightly regulated system 


Gonadotropin-releasing hormone (GnRH) 
Specific neurons in the preoptic area and projected to the median eminence of hypothalamus secrete 
the gonadotropin-releasing hormone (GnRH) in an episodic pattern of pulses. 
GnRH is transported through the hypophyseal portal circulation to the anterior pituitary gland, where it 
binds to its own receptors on a specific pituitary cell type, the gonadotrope, to modulate the synthesis 
and secretion of the gonadotropins, luteinizing hormone (LH) and follicle-stimulating hormone (FSH). 
GnRH is released from the hypothalamus in a pulsatile pattern, and the stimulation of gonadotropin 
biosynthesis and secretion by GnRH is dependent on the pulsatile nature of GnRH delivery to the 
anterior pituitary. 
Gonadotropins, in turn, are secreted into the systemic circulation and act on the testes to regulate 
spermatogenesis and androgen biosynthesis. 


Regulation of GnRH secretion 


GnRH agonists have been shown to reduce GnRH release both in vivo and in vitro, as a result of the 
interaction with the GnRH receptor (GnRHR), which is found within the hypothalamus. 


Gonadotropins 
Gonadotropins (FSH and LH) are essential for spermatogenesis and secretion of testicular androgens. 
Lack of gonadotropins results in suppression of spermatogenesis as demonstrated by hypophysectomy, 
by GnRH immunization, and by GnRH analog treatment. 
Both FSH and LH play an important role in regulating spermatogenesis. FSH seems to be essential to 
promote spermatogenesis in men, as men identified with inactivating FSH- mutation were found to be 
azoospermic. 
The integrity of FSH receptors is also a prerequisite for intact spermatogenesis, as inactivation of FSH 
receptor genes was found to lead to a variable degree of spermatogenic failure and infertility. while 
targeted disruption of FSH receptor genes has clearly demonstrated that FSH signaling is required for 
maintaining normal testicular size, seminiferous tubular diameter, sperm number, and sperm motility. 
FSH increases spermatogonial number and maturation of spermatocytes, including meiosis, but it is 
unable to complete spermatogenesis. 
LH participates in regulating spermatogenesis by stimulating the synthesis of testosterone, which plays 
an essential role in spermatid maturation. It has been found, indeed, that total inactivation of LH caused 
arrest of spermatogenesis, while treatment with human chorionic gonadotropin (hCG) resulted in onset 
of spermatogenesis. 
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e LH is essential for testosterone secretion by Leydig cells. A permissive role of FSH is postulated, as FSH- 
stimulated Sertoli cells secrete IGF-1, which acts to induce LH receptors and enhance proliferation and 
steroidogenesis in Leydig cells. 

e An episode of LH secretion induced by GnRH results in release of testosterone within 30-60 minutes. This 
testosterone response lasts approximately 24-48 hours. It has been observed that between 24 and 48 
hours after an LH or hCG injection, Leydig cells are refractory to further stimulation by either hormone. 


Regulation of gonadotropin secretion 
Regulation of gonadotropin secretion in the human involves a feed-forward (stimulation) by GnRH from the 
hypothalamus, and feedback control (inhibition) by testosterone and inhibin from the testes. 


Testosterone 

e Testosterone is synthesized from cholesterol through a series of enzymatic transformations that occur in 
the Leydig cell mitochondria and microsomes through the activation of cholesterol ester hydrolase by 
LH. 

e The rate-limiting step in steroidogenesis is the transfer of cholesterol to the inner mitochondrial 
membrane for bioconversion to pregnenolone by the cytochrome P450 side-chain cleavage enzyme. 

e Testosterone is the main secretory product of the testis, the daily production rate being 5-7mg in men. 
As the testicular content of testosterone in adult men is approximately 50 mg/testis, it is assumed that 
testosterone is continuously produced and released into the circulation. 

e Testosterone is transported in plasma bound to albumin or to sex hormone-binding globulin (SHBG), and 
approximately only 2% of total testosterone circulates freely in blood. 

e Testosterone is metabolized to dihydrotestosterone(DHT) by the enzyme Salfa-reductase. DHT is 
necessary for external virilization during embryogenesis and androgen action during puberty and 
adulthood. 

e Testosterone plasma levels are strictly correlated to LH levels. Individual LH pulses in peripheral blood 
were found to precede testosterone pulses in the spermatic vein by 80 minutes, with a consequent 
strongly positive correlation among their levels in the spermatic vein. This correlation suggests the 
existence of a feed-forward relationship between LH and testosterone, which in turn reflects pituitary LH 
drive of testosterone secretion by gonadal Leydig cells. 

e On the other hand, the increase in testosterone level leads to a quite prompt (60-minute delay) decrease 
in LH level, due to the feedback interplay within the GnRH-LH- testosterone axis. 


Inhibin B 
e Inhibin is a glycoprotein hormone secreted by the Sertoli cells. 
e There are two types of inhibin, inhibin-A or inhibin-B. Inhbin A is not secreted in men. 
e Itis recognized that there is a reciprocal relationship between plasma FSH and inhibin B levels i.e. FSH 
stimuli are required for inhibin B secretion and vice versa. 


Insulin-like growth factor (IGF-1) 
e The testis is a site of IGF-I biosynthesis and action. 
e LH and hCG stimulate IGF-1 secretion. 
e  IGF-1 is required for establishment of normal numbers of adult Leydig cells and steroidogenic function. 
e LHis unable to produce a sufficient signal for adequate testosterone production in the absence of IGF-I. 
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CHAPTER 6 
GENETIC INFERTILITY 


Genetic disorders causing infertility can be classified into two categories: 


Disorders of chromosomes 
Disorders of genes 


In this chapter a few of these disorders are discussed . 


I. Disorders of chromosomes 


A. Klinefelter's syndrome 


Aetiology 


The fundamental defect is presence of an extra X chromosome in a male. The common karyotype is 
either a 47,XXY chromosomal pattern (the classic form) or 46,XV/47,XXV (the mosaic form). 

This syndrome is the commonest abnormality of sexual differentiation with an incidence of 1 in every 
500 males and it accounts for 10% of cases of non-obstructive azoospermia. 


Clinical features 


Before puberty, Klinefelter’s syndrome can be clinically suspected only from the patients’ lack of 
intelligence. However, the diagnosis can be confirmed at any age by a positive sex chromatin finding, or 
karyotyping. 

The prepubertal testis has a normal infantile size of 2 ml and is of normal consistency. 

At puberty the testis undergoes pathologic changes, fails to increase in size and becomes firm in 
consistency. The small firm atrophic testes are caused by extensive fibrosis and sclerosis and are 
characteristically less than 2 cm and are always less than 3.5 cm in length (corresponding to 2 ml and 12 
ml volume, respectively). 

This is due to progressive fibrosis and hyalinization of the seminiferous tubules which ordinarily make up 
to 85% of the volume of the normal testis. 

Damage to the seminiferous tubules and azoospermia are consistent features of the classic syndrome. 
The onset of puberty and semen production may be delayed and these boys may need testosterone 
supplementation to attain puberty. 

In adulthood, the clinical features can vary between severe eunuchoidism and a completely normal virile 
appearance. 

The sexual function is usually normal during early adulthood but decreases gradually, starting during the 
fourth decade. 

Patients with Klinefelter’s syndrome, despite androgen deficiency and unlike other diseases showing 
eunuchoidism resulting from hypo-androgenicity, have excessive long-bone growth but no true 
eunuchoid habitus. The increased height is due to increased lower body segment and the linear growth 
of long bones in the lower extremities is greater than it is in the upper extremities. This results in a span- 
height ratio of | or less (greater than 1 in eunuchoid habitus). In patients with true eunuchoid habitus the 
long bones of upper and lower limbs grow in a comparable fashion. The basis for the skeletal changes in 
Klinefelter’s syndrome may be related to an abnormal sex chromosome constitution in the osseous 
tissue. 

Gynaecomastia appears during puberty, is generally bilateral and painless, and may progress to become 
disfiguring. 

Klinefelter’s syndrome is characterized by increased incidence of some diseases which occur in some 
patients and include obesity, hypothyroidism, mild mental deficiency, varicose veins, diabetes mellitus, 
breast carcinoma, non-Hodgkin's lymphoma, mediastinal germ cell tumors, and testicular germ cell 
tumors. Cancer breast occurs 70 times more frequently than in normal males and about as frequently as 
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in women. 


The mosaic form of the syndrome composes about 10% of the patients and is less severe than the classic 
form (Table 6.1). The testes may be normal in size, the endocrine abnormalities are less severe, and 
gynecomastia and azoospermia are less common. Indeed, some patients with mosaicism may be fertile. A 
comparison is given between classic versus mosaic ypes of Klinefelter's syndrome is given in Table 6.1. 


Table 6.1 Characteristics of patients with classic versus mosaic Klinefelter’s syndrome. 


Criterion 47,XXY (%) 46, XY/47XXY (%) 


Abnormal testicular histology 
Decreased length of testis 
Azoospermia 

Decreased testosterone 
Decreased facial hair 
Increased gonadotropins 
Decreased sexual function 
Gynaecomastia 

Decreased axillary hair 


Decreased length of penis 


Laboratory diagnosis 


e Chromosomal studies: A positive chromatin pattern is demonstrated by buccal smear. However, 
chromosomal analysis (Karyotyping) by tissue culture is the most accurate way of documenting the 
syndrome. 

e Semen: Azoospermia is always present in the classic form. When androgen deficiency is severe, low 
semen volume and decreased fructose content are present. Patients with XXY/XY mosaicisim may have 
viable sperms in the ejaculate and fertility has been documented. 

e Testicular biopsy: Shows 3 main features 
o Hyalinization of the seminiferous tubules. In the usual case, virtually all the tubules are severely 

hyalinized and acellular. Occasionally, in the mosaic form, some tubules have normal 
spermatogenesis with sperm. 

o Adenomatous clumping of the Leydig cells which tend to be less granular than normal and to contain 
less lipid. Clumping is due to marked reduction in seminiferous tubular size and a hyperplastic 
appearance of Leydig cells is not true since their total mass per testis is normal. 

o Special stains demonstrate the absence of elastic fibers in and around the thickened tunica propria. 
These elastic fibers normally appear during pubertal maturation. 

e Hormones: 

o Plasma FSH and LH are usually high. FSH is raised as a consequence of the damage to the 
seminiferous tubules. 

o Plasma testosterone level is low or low-normal. However, free plasma testosterone level is 
subnormal due to elevated SHBG. Patients with Klinefelter’s syndrome have decreased Leydig cell 
reserve. 

o Plasma estradiol levels are elevated due to increased production in response to elevated LH, 
decreased metabolic clearance rate, and increased conversion of testosterone to estradiol. The 
imbalance of estradiol to testosterone appears to be responsible for the gynaecomastia and the 


increased SHBG levels. 
o The increase in plasma gonadotropins after the administration of LHRH is exaggerated, and the 
normal feedback inhibition of testosterone on pituitarv LH is diminished. 


Treatment 


Even though the patient shows no sperm in the ejaculate, testicular sperm extraction (TESE) mav 
successfully find spermatozoa in up to 69% of KS men, which can be used in conjunction with ICSI to 
effect fertilization, embryo development, and term pregnancy. Many live births of 46,XV or 46,XX 
children have been reported. 


B. Y chromosome microdeletions 


The Y chromosome consists of a short arm (Yp) and a long arm (Yq). SRY is located on the short arm and 
is an essential member of the cascade of genes that ultimately determine the fate of the bipotential 
gonad. 

The long arm of the Y chromosome contains 3 distinct regions, the integrity of which is essential for 

normal spermatogenesis. 

The loss of one of these loci, designated as “azoospermia factors” (AZFa, AZFb, AZFc) and caused by 

spontaneous mutation in the paternal germ line, leads to severely disrupted fertility. 

The deleted regions are usually of submicroscopic dimensions and are known as Y chromosomal 

microdeletions. 

Clinical research shows that: 

o Y deletions were not found in normo-spermic men and thus have a clear-cut cause-effect 
relationship with spermatogenic failure 

o The highest frequency is found in azoospermic men (8-12%) followed by oligo-spermic men (3-7%). 

Deletions are extremely rare with a sperm concentration of spermatozoa >5 million/mL. 

o The most frequently deleted region is AZFc (approximately 65-70%), followed by deletions of the 
AZFb and AZFb+c or AZFatb+c regions (25-30%), whereas deletions of the AZFa region are extremely 
rare (5%) 

o The complete removal of the AZFa and AZFb regions are associated with severe testicular 
phenotype, Sertoli cell-only syndrome and spermatogenic arrest, respectively. 

o The complete removal of the AZFc region causes a variable phenotype, which may range from 
azoospermia to oligozoospermia. TESE outcome is negative in AZFa and AZFb microdeletions but 
positive in 50% of cases of AZFc micro-deletion. 

Those Y deletions that are compatible with the presence of spermatozoa in the testis or in the ejaculate, 

are obligatory transmitted to the male offspring, therefore genetic counseling is mandatory. The extent 

of spermatogenic failure of the son may vary substantially, however, given the strict cause-effect 
relationship between AZF deletions and impaired spermatogenesis, normal spermatogenesis cannot be 
expected. 

There is a potential risk for the offspring to develop 45,XO Turner’s syndrome and other phenotypic 

anomalies associated with sex chromosome mosaicism, including ambiguous genitalia. 
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II. Disorders of genes 
A. Disorders of androgen production and unction 


Levdig cell hvpoplasia 
Leydig cell hypoplasia is a very rare disease with an approximate incidence of 1:1,000,000, occurring only 
in the male sex with a limited autosomal recessive inheritance. 


e Leydig cells are present but are unable to develop because of an inactivating mutation of the LH receptor 
which fails to provide the necessary stimulation. 

e The phenotype is highly dependent on the extent of intrauterine testosterone secretion. Consequently 
either: 

1. amale phenotype with slight virilization and microphallus or 
2. hypogonadism with delayed puberty or 
3. a46,XY disturbance of sexual development (former male pseudo-hermaphroditism) develops. 

e The possible appearance of the external genitalia ranges from an unremarkable female phenotype to 
intersexual genitalia to a predominantly male habitus with microphallus. In the mostly mal-descended 
testes, seminiferous tubules can be found. Leydig cells are not present or appear only in immature 
preliminary stages. Epididymides and deferent ducts are usually present, leading to the conclusion that 
local intrauterine testosterone production was sufficient for the anlage of these organs. Uterus, tubes or 
upper vagina ate no found in these patients. 

e In such cases basal hormone status, usually with normal FSH, elevated LH and low testosterone provides 
an initial diagnostic hint of the underlying defect. Depending on the type of LH receptor defect, hCG 
stimulates either no or a pronounced rise in testosterone. 

e Diagnosis is confirmed by testicular biopsy showing Leydig cell hypoplasia or aplasia and by techniques 
of molecular biology revealing mutations of the LH receptor gene. 


Disorders of androgen action: Androgen insensitivity syndrome 


The three main clinical phenotypes resulting from androgen insensitivity are 
1. Complete androgen insensitivity syndrome (CAIS) or testicular feminization 


e CAIS occurs in about 2-5/100 000 births, and these patients are sterile. 

e CAIS can result from androgen receptors gene deletion, but more commonly point mutations in the gene 
result in a loss of function of the protein. 

e The CAIS individuals are 46,XY pseudohermaphrodites (genotypic males) displaying an unambiguously 
female appearance. Female external genitalia develop because, despite high circulating testosterone 
levels, the tissues are resistant to androgen action. Thus DHT-dependent masculinization of the external 
genital primordia is absent. 

e Patients with CAIS have underdeveloped labia, a blind-ending vagina, and paucity of axillary or pubic 
hair. Because the labial or abdominal testes continue to produce anti-Mullerian hormone, the uterus, 
ovaries, and fallopian tubes are absent. 

2. Partial androgen insensitivity (PAIS) 

e There is a broad spectrum of phenotypic and functional abnormalities because the androgen receptor 
mutation in these patients impairs or changes the receptor function to varying degrees. 

e At one extreme, the external genitalia resemble those associated with a nearly normal female 
phenotype, except for clitoromegaly and/or posterior labial fusion. 

e At the other extreme, the genitalia may resemble those of a morphologically normal male but the 
scrotum or phallus may be small, or there may be simple coronal hypospadias or a prominent midline 
raphe of the scrotum. 

e In some ways these patients can present significant clinical challenges because of their partial response 
to androgens. Infertility may result, due to the failure of normal male development. In the less severe 
cases early and continuous testosterone treatment can improve the chances of fertility. 


3.Minimal androgen insensitivity syndrome (MAIS) 
e The phenotypic spectrum of deficiencies in MAIS, like those found in CAIS, varies markedly between 
patients. Infertility, azoospermia, micropenis or gynecomastia may be present. 


Some mutations cause mild functional deficiencies that in some cases can be overcome with 
increased levels of androgen. 


Other androgen disorders 


Hvpospadius 
Mis-regulated expressions of genes in the genital tubercle during development is thought to be involved in 


hvpospadius. These include TGF-EI and the associated genes in this signal transduction pathways. Both the 


estrogen and androgen receptor keys are involved in some cases of hypospadius. 


Cryptorchidism 


There are 2 phases of testicular descent. The first phase occurs when the abdominal testis moves to the 
inguinal ring. The second phase is androgen dependent. 

The insulin-like 3 hormone (relaxin-like factor) is the main testicular hormone that induces gubernacular 
development. Deficiency of INSL3 results in the testis and genital tract being freely mobile within the 
abdomen because there is no cranial or caudal attachment of the testis to the inguinal region. 

The second phase of testicular descent is androgen-regulated. In response to LH, testosterone regulates 
the involution of the suspensory ligament and is involved in the inguino-scrotal phase of descent. Not 
surprisingly, alteration in androgen sensitivity and the signaling pathway of the androgen receptor, as 
well as endocrine imbalance, can be associated with cryptorchidism. 


B. Defects of the hypothalamic-pituitary-gonadal axis 


Hypogonadotropic hypogonadism (HH) is characterized by a decreased output of GnRH and low circulating 
levels of FSH and LH, resulting in deficient androgen secretion and spermatogenesis in the testis. 


Kallmann syndrome 
The hypothalamus secretes gonadotropin-releasing hormone (GnRH) which regulates the production of 
FSH and LH by the pituitary gonadotropes. 
Kallmann syndrome results from a failure of the GnRH-releasing neurons to migrate to the olfactory lobe 
during development (this explains the presence of anosmia). 
Kallmann syndrome represents the most common X-linked hypogonadotropic hypogonadism disorder in 
male infertility. 
A mutation in the X-linked KAL1 gene encoding anosmin 1, is the basis for the sex-linked form of the 
disease. Less commonly, structural chromosomal defects resulting in the loss of regions of the X 
chromosome may encompass the KAL1 gene. 
Not surprisingly, in patients with Kallmann syndrome puberty usually is delayed or does not occur. 
Because of the lack of GnRH, patients present with no serum gonadotropins, small, nonfunctioning 
testes, and a short penis. 
Although infertility may represent the only phenotypic abnormality, anosmia may be present due to the 
developmental failure of the olfactory bulb. 
In some cases congenital deafness, asymmetry of the cranium and face, cleft palate, cerebellar, dysfunc- 
tion, cryptorchidism, and renal abnormalities may be present. 
Hormone replacement is necessary, and spermatogenesis and subsequent fertility occur with 
coordinated gonadotropin stimulation. 


C. Disorders affecting sperm function 
Globozoospermia 


Globozoospermia, or ‘round-headed sperm,” is a severe form of teratozoospermia. 
The sperm heads appear round because there is no acrosome present. 
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The presence of globozoospermia can be complete or incomplete, with varving percentages of round 
heads. Complete or total globozoospermia results in infertilitv. Partial globozoospermia occurs with 
varying degrees of normal sperm, and natural conception may result. 
A homozygous mutation in SPATA16, a spermatogenesis-specific gene is thought to be the cause of 
globozoospermia. 
Treatment is with ICSI. However, results are poor due to disturbed sperm-associated oocyte-activation 
factor. 

Kartagener syndrome (immotile cilia syndrome) 
It is a clinical combination of asthenozoospermia, chronic sinusitis, bronchiectasis and situs inversus (the 
organs in the chest and abdomen are positioned in a mirror image from their normal positions). 
The sperm abnormalities result from axonemal ultrastructural defects affecting the structure of the cilia 
and sperm tail. 
There are mutations in the dynein genes. These include the DNAI1 DNHH5, TXNDC3, and DNAH11 genes 
found on chromosomes 9, 5, 7, and 7, respectively. 
To differentiate between immotile, but viable, and dead sperm in the ejaculate the eosin test in used. 
Electron microscopy of the sperm tail confirm the diagnosis. 
ICSI may be successful with viable sperm. 
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CHAPTER 7 
VARICOCELE INFERTILITV 


Introduction 


A varicocele is a dilation of the pampiniform plexus. 

The World Health Organization assessed the influence of varicocele on variables of fertilitv. This studv 
identified varicocele in 25.496 of men with abnormal semen compared with 11.796 of men with normal 
semen. 

The higher incidence of varicoceles in subfertile men has led to the belief that varicocele causes 
infertilitv, and this belief has been supported bv the documented beneficial effects of varicocelectomv. 
Improvement in semen analvses, testicular size, and testicular histologv have each been observed after 
varicocelectomv. 

Analysis of reports reviewing thousands of infertile patients treated with varicocelectomv indicates that 
50-80% of patients experience an improvement in semen variables, with 30-40% of patients initiating a 
pregnancy after the procedure. 

In spite of the ongoing controversy, varicocele continues to be considered an important cause of male 
infertility. 


Anatomy 
Clinically, varicocele occurs most commonly as isolated left-sided lesions (75-95%). Recent data have 
indicated bilaterality in 30-80% of cases. The isolated right-sided varicocele is uncommon, and causes 
concern regarding the possibility of an underlying retroperitoneal abnormality. 
The apparent predisposition for the development of varicocele on the left has been explained by the 
anatomy of the internal spermatic system. The left internal spermatic vein drains perpendicularly into 
the left renal vein, taking a course that is approximately 8-10 cm longer than the course of the right 
internal spermatic vein, which enters the vena cava. The greater length of the left internal spermatic 
vein results in increased hydrostatic pressure when the patient is in the upright position, thereby 
overcoming valvular mechanisms and resulting in backflow, venous dilation, and varicocele formation. 
Additionally the right-angle insertion of the left spermatic vein into the renal vein allows for the direct 
transmission of left renal vein pressure to the spermatic vein. On the other hand the right spermatic vein 
enters the vena cava at an oblique angle, protecting the vessel from pressure elevations within the 
inferior vena cava (Fig.7.1). 
Increased hydrostatic pressure within the left internal spermatic vein may also result from compression 
of the left renal vein between the superior mesenteric artery and aorta, the so-called “nutcracker” 
phenomenon. 
Absence or incompetence of valves occurs in varicocele and appears to play a role in the etiology of 
varicocele. 
Dilatation of the external spermatic vein occurs in 50% of patients with varicocele and can be a cause of 
persistence of varicocele after varicocelectomy. Ligation of the external spermatic vein is thus 
recommended in all cases of varicocelectomy and thus the inguinal or sub-inguinal approach is 
recommended for this purpose. 
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Pathophvsiologv 

e Many hypotheses have been proposed to explain the mechanism by which a varicocele may exert a 
deleterious effect on spermatogenesis and fertility. 

e This problem is further complicated by the fact that unilateral lesions appear to affect spermatogenesis 
bilaterally. 

e However, recent data demonstrate that although unilateral varicocele affects spermatogenesis, bilateral 
varicocelectomies are associated with even greater improvement, patients undergoing bilateral 
varicocelectomy experience a greater improvement in sperm density and motility. 

e Theories about the mechanism by which varicocele affects fertility include: 


1. Reflux of adrenal metabolites 

It has been hypothesized that the reflux of metabolic by-produces of the adrenal glands and kidneys has a 
toxic effect on testicular function. However, the adrenal gland metabolites and products do not appear to 
play a part in the effects of the varicocele on spermatogenesis. 


2. Hormonal dysfunction 

e Altered testicular steroidogenesis has been proposed as a mechanism by which varicocele exerts its 
deleterious effects on spermatogenesis. 

e Testosterone levels in peripheral venous or internal spermatic vein blood of patients with varicocele do 
not differ from those of normal men. 

e FSH levels are significantly higher in infertile men with varicocele than in fertile men with varicocele or in 
fertile men without varicocele. 
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. Hypoxia and reactive oxygen species 

e Varicoceles may affect reactive oxygen species generation, rendering the testicle and/or the sperm 
unable to handle oxidative stress, and resulting in reactive oxygen species buildup. 

e Hydrogen peroxide, free radicals, and superoxide anions have been reported in both semen and 

testicular biopsy specimens. Elevated reactive oxygen species and diminished total antioxidant capacity 

are associated with varicocele. 


4. Apoptosis 

Since toxic agents and heavy metals accumulate in tissues undergoing apoptosis, several investigators have 
examined testicular tissue heavy-metal content in men with varicocele. In particular, cadmium has been 
implicated as a mediator of the toxic effects of cigarette smoking. This heavy metal has also been detected in 
the seminal plasma of men with varicoceles. Higher levels of cadmium and apoptosis were present in the 
seminiferous tubules of men with varicocele. Cadmium levels are an indicator of a tissue's inability to handle 
oxidative stress, and the buildup of the toxic metal exacerbates the deleterious effects of the varicocele. 


5. Hyperthermia 

Some workers compared scrotal temperatures in oligospermic infertile varicocele patients with those of 
control subjects. The control subjects had intrascrotal temperatures that were 0.6-0.8°C lower than the 
intrascrotal temperatures of patients with varicocele. Using scrotal thermo-graphic techniques, 
demonstrated higher scrotal temperatures in patients with varicocele and abnormal spermatogenesis than 
in patients with varicocele and normal semen analyses. Some authors showed a positive effect on motility, 
morphology, and concentration of sperm by using an external scrotal cooling device. 
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Testicular pathologv associated with varicocele 
The testes of subfertile males with varicoceles generally exhibit some degree of atrophy. About 77% of 
subfertile patients with varicocele had either unilateral or bilateral testicular atrophy. 
Microscopic examination of both the right and left testes in patients with unilateral varicocele and oli- 
gospermia shows thinning and sloughing of the germinal epithelium. Spermatogenic arrest in the late 
spermatid stage may also be observed. 
Electron microscopic evaluation has demonstrated maturation arrest at the primary spermatocyte level, 
mal-oriented spermatids, and structurally abnormal Sertoli cell-germ cell junctional complexes. 
These structural changes have been seen only in the adluminal compartment, with the Sertoli-Sertoli cell 
junctions remaining unchanged. 


Diagnosis 


Physical examination 


Most physicians will have little difficulty in recognizing large or moderate-sized varicoceles. The 
distended veins may appear as a vermiform bluish discoloration beneath the scrotal skin. On palpation, 
they have been described as a "bag of worms". 

The size of a varicocele is assessed by a simple grading system 

o Grade 3: large varicoceles are visible through the scrotal skin (Fig.7.2). 

o Grade 2: moderate varicoceles are easily palpable without a Valsalva maneuver (forced expiration 
with closed mouth and nose). 

o Grade 1: small varicocele is palpable only with a concurrent Valsalva maneuver. The small varicocele 
can be missed unless a thorough examination of the scrotum is performed, with the patient in both 
supine and upright positions. Since it has been reported that the small varicocele may impair 
spermatogenesis as often as the large varicocele, it is important to carefully examine the scrotum of 
every man being evaluated for infertility. 

o Subclinical varicocele varicocele can be only detected by ultrasound or echo Doppler. 

Examining the patient in a warm and comfortable environment facilitates the scrotal examination. A cool 

examining room may result in shrinkage and "tightening" of the scrotum, obscuring a varicocele. A 

varicocele is most easily detected when the patient is upright and performing a Valsalva maneuver. 

During this maneuver, the dilated scrotal varicosities become engorged and more prominent. 

Prolonged standing may also help to accentuate a varicocele. 

A new maneuver, "the Nagler maneuver,” was reported to increase the detection of varicoceles. In this 

maneuver the abdomen is extended outward. Venous reflux velocities were found to be greater with 

this maneuver than with the standard provocative maneuvers. 

After the upright examination, the patient is re-examined in a supine position. Decompression of the 

varicocele may be appreciated. Persistence of cord fullness while the patient is in a supine position may 

be indicative of a cord lipoma, hernia, or other pathologic conditions rather than venous distension of a 

varicocele. A varicocele that results from renal vein obstruction secondary to a tumor may also persist 

when the patient is supine. 


Adjunctive diagnostic tests 
1. Doppler examination 
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Reflux, which is demonstrated with Valsalva maneuver, is believed to be indicative of a clinical varicocele. 
The presence of reflux is detected by an auditory signal and can be visualized with a graphic 
representation using Doppler ultrasound. 

The patient is examined in the upright position. Ultrasonographic conducting gel is applied to the upper 
aspect of the scrotum. There should be complete acoustical silence prior to having the patient perform 
the Valsalva maneuver. 

The significance of a positive test result in sub-fertile, oligospermic patients with a subclinical varicocele 
screened by Doppler is uncertain. Some authors demonstrated Valsalva maneuver-induced varicocele, 
Doppler-positive reflux in 83% of the left spermatic veins and 59% of the right spermatic veins of 
patients without clinical varicoceles. There was no difference between the infertile and fertile men. 

Now the only circumstance in which Doppler examination is used is to determine the presence of 
“subclinical reflux”. If a subclinical varicocele is appreciated, it is treated at the same time as the 
coexistent clinical varicocele. 


. Ultrasonography 


Ultrasonography has become an increasingly useful modality in the diagnosis of varicocele. 

In the subset of patients with a clinical left-sided varicocele, the literature supports the use of 
sonography in the evaluation of the right side. 

Studies suggest that subclinical right-sided varicoceles play a role in the pathogenesis of male infertility, 
and that bilateral surgical correction is warranted in these patients. Colour-flow Doppler appears to be a 
useful diagnostic modality in the diagnosis of the hard-to-palpate varicocele. 

It is the most common diagnostic modality performed, with accuracy similar to that of invasive 
venography. 


. Venography 


Given the invasive nature of venography and the controversy regarding the significance of 
venographically demonstrated reflux, venography should not be used routinely to diagnose varicoceles 
in the oligospermic patient. 

The most appropriate indication for venography is the persistent varicocele in the postsurgical patient. In 
this instance, venography can be both diagnostic and therapeutic when veno-occlusion is performed 
with use of sclerosing agents, Gianturco coils or detachable balloons. 


Therapeutic indication of varicocelectomy 


. Infertility 


The most common indication for varicocelectomy is infertility. However, the mere presence of a 
varicocele in a subfertile male is not a sole indication for varicocelectomy. 

One must be certain that the patient has no other causes for infertility and be assured by appropriate 
gynecologic examination and evaluation that the partner has a normal fertility potential. 


. Semen analysis 


An abnormal semen analysis in a man with a clinical varicocele and a normal partner is the most 
common indication for varicocelectomy. 

The detrimental effect of the varicocele on spermatogenesis in the subfertile male is most often 
reflected in abnormal seminal parameters 
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Although fertile men with varicocele had higher sperm counts than infertile men with varicoceles, counts 

in both groups of men were significantly lower than in normal controls. 

The stress pattern: 

o It was defined as a semen analysis with increased number of abnormal forms, decreased motility 
and lower than normal sperm counts. 

o Although the "stress pattern" came to be associated with the diagnosis of a varicocele, it is not 
pathognomonic of the varicocele but rather represents a nonspecific finding associated with 
abnormal spermatogenesis. 

o Some authors found no difference in morphology patterns between infertile patients with varicocele 
and infertile patients without varicocele. 

o Other authors demonstrated that subfertile men with varicocele had the same percentage of 
tapered forms as infertile patients with idiopathic oligoasthenospermia. 

o The "stress pattern", is indicative of abnormal testicular function, regardless of cause. Therefore, the 
term has been largely abandoned. 


3. Symptomatic varicocele 
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Scrotal pain as a result of a varicocele is uncommon, but if it exists and is persistent, varicocelectomy 
may be of benefit. 

Symptomatic varicocele is usually very large. 

Since varicocelectomy does not necessarily provide the desired relief, it is of paramount importance that 
other causes of scrotal and inguinal pain be considered before varicocelectomy is offered for relief of 
scrotal pain. If persistent pain exists and there is no other indication, the varicocele may be implicated. 
Before scrotal pain is attributed to a varicocele, conservative measures such as scrotal support and the 
use of anti-inflammatory and analgesic agents should be taken. 


. Paediatric/adolescent varicocele 


Historically, the pediatric/adolescent varicocele has been left untreated unless it caused pain or gross 
testicular damage. However, in recent years, various authors have proposed that ligation of a varicocele 
during childhood or adolescence may improve the potential for future fertility. 

While the incidence of the prepubertal varicocele is 0-1%, the incidence of varicocele in adolescents is 
reported to be between 2% and 16%. In males 15 years of age, the incidence has been reported to be a 
high as 20%. 

Testicular biopsy results in prepubertal children with varicoceles have demonstrated damage similar to 
that seen in adults. 

Some authors examined adolescents with varicoceles, and reported a 74% incidence of testicular 
atrophy and a 90% incidence of abnormal histology. Therefore, histological damage appears early in 
pubertal development and apparently progresses with time. 

Some authors repaired varicoceles in boys and observed an increase in left testicular volume. In addition, 
sperm concentrations significantly improved after treatment. 

Most surgeons have adopted the position that the pediatric varicocele should be left untreated unless 
there is significant testicular asymmetry (> 20% volume difference between left and right testes) or 
retarded testicular growth documented on serial examinations. Testicular growth retardation, indicating 
a potentially significant pathologic lesion, has become a prime indication for varicocelectomy. 


5. Secondary infertility 
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e The role of varicocele in infertility has been strongly implicated in males with secondary infertility. 

e Varicocele is a progressive lesion which results in the loss of previously established fertility. 

e The approach to the individual with secondary infertility and a varicocele should not differ from that 
taken to the male with primary infertility and a varicocele. Varicocelectomy should be recommended 
when other factors contributing to infertility have been eliminated. 


Surgical treatment 
Surgical varicocelectomy is the cornerstone of varicocele therapy. The goal of intervention is the complete 
disruption of the internal spermatic venous drainage of the testicle while preserving the internal spermatic 
artery, vas deferens with its blood supply, and spermatic cord lymphatics. Several surgical approaches are 
available to accomplish a varicocelectomy. These include: 


1. Scrotal approach 

This approach has been abandoned because the complexity of the scrotal pampiniform plexus and its rich 
anastomotic network makes successful interruption less likely. Additionally, damage to the end testicular 
artery and resulting testicular ischemia are more likely because of the multiple sites of division and ligation. 


2. Inguinal approach: modified Ivanisevic 

e The inguinal approach exposes the internal spermatic vessels within the inguinal canal. 

e As noted by Ivanissevich, this approach has several advantages over the retroperitoneal approach. First, 
the surgeon is quite comfortable with the anatomy within the inguinal canal. As the spermatic vein 
moves cephalad and approaches the internal inguinal ring, it will coalesce to form several larger vessels. 
This approach will also allow for identification of large external cremasteric vessels that may contribute 
to varicocele. 


3. Sub-inguinal approach 

e The sub-inguinal approach is simply a modification of the inguinal approach. Morbidity with this 
procedure is less than that of inguinal and retroperitoneal surgery, because the muscle layers and 
inguinal canal are not violated. 

e Due to the complexity at the cord at this level, microscopic technique is generally employed when a sub- 
inguinal varicocelectomy is performed. 


4. Retroperitoneal approach: modified Palomo 

e The retroperitoneal approach or modified Palomo technique exposes the internal spermatic vein within 
the retro-peritoneum after it exits the inguinal canal. 

e The theoretical advantage of this technique is that retroperitoneal ligation of the internal spermatic vein 
reduces the number of veins contributing to the varicocele and therefore minimizes the potential for 
recurrence of the varicocele. 

e A major disadvantage of this technique is that it does not allow identification and ligation of the external 
cremasteric vessels. These vessels have been implicated as a cause of recurrent and persistent 
varicoceles after varicocelectomy. Additionally, the approach is not familiar to most urologic surgeons. 

e This technique may be advantageous in patients with previous inguinal surgery, because it minimizes 
incidental injury to the testicular artery and ilioinguinal nerve. 


5. Laparoscopic approach 
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e Itis now feasible for many urologists to do this approach for the high ligation of the internal spermatic 
vein. The results indicate that the procedure is physiologically equivalent to the retroperitoneal modified 
Palomo approach. 

e In patients who underwent laparoscopic internal spermatic vein ligation pregnancy was achieved in 
(42%), 41% had a 50% rise in sperm density, and 36% an increase in sperm viability and motility. 

e The only major complication reported was a hydrocele. However, since the potential for significant 
morbidity from laparoscopy exceeds that of the extra peritoneal approach, this technique has not been 
widely embraced. 


Outcome analysis of varicocelectomy 

e Inareview encompassed 2466 varicocelectomies, the overall rate of improvement in semen quality was 
66% (range 51-78%), and the overall reported pregnancy rate was 43% (range 24-53%). 

e Varicocelectomv does have a beneficial effect on sperm density. It was noted that motility and 
morphology may improve significantly after varicocelectomy when an associated rise in density was 
observed. 


Prognostic variables 

In an attempt to identify prognostic factors predicting postoperative pregnancies, some authors showed four 
preoperative variables to be of value. 

1. Testicular atrophy: absence of testicular atrophy was found to indicate a good prognosis. 

2. Sperm count: patients with initial sperm counts of 50 million or more per ejaculate were significantly more 
likely to establish pregnancies after varicocelectomy. 

3. Sperm motility: 30% of patients with preoperative sperm motility of less than 60% initiated pregnancies 
postoperatively, whereas 60% of those with normal preoperative motility produced pregnancies. 

4. FSH level: elevation of FSH was a poor prognostic indicator, only 25% of patients whose FSH was above 
300 ng/mL achieved pregnancies, whereas 46% of patients with normal FSH levels (<300 ng/mL) initiated 
pregnancies. 

Studies found no relationship between the clinical grade of the varicocele and postoperative pregnancy rates 
despite improvements in semen variables. 


Adjuvant hormonal therapy after varicocelectomy 

e The value of hormonal therapy after varicocelectomy is unclear. 

e Dubin and Amelar reported that adjuvant human chorionic gonadotropin (hCG) resulted in better semen 
parameters and pregnancy rates in patients with counts less than 10 million/ml than in those treated 
with varicocelectomv alone. Patients with sperm counts of less than 10 million/ml were treated with 
injections of hCG, 4000 units intramuscularly twice weekly for 10 weeks. A 55% improvement in semen 
quality and a 45% pregnancy rate was observed. Some authors used clomiphene citrate, 25 mg/day for 
25 days with a five-day rest period, and reported a 53% pregnancy rate. 

e Other studies using adjuvant clomiphene citrate reported no advantage. 


Nonsurgical treatment of varicocele using percutaneous venous occlusion 
Techniques used to achieve trans-venous occlusion of the internal spermatic veins include: 


1. Deployment of detachable balloons 
e With the use of detachable balloons, either a femoral or a jugular approach is employed. 
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e The inguinal approach is generally preferred when treating isolated left-sided varicoceles. 

e The use of detachable balloons affords the radiologist the ability to test the adequacy of the occlusion 
before releasing the balloon. However, since different sized balloons may be required to achieve 
satisfactory occlusion, it is necessary to maintain an inventory of expensive balloons. Furthermore, there 
are isolated reports of balloon deflation and migration with time. 


2. Gianturco coils 


Although Gianturco coils are inexpensive, multiple coils maybe required to achieve occlusion, and the 
adequacy of occlusion cannot be tested before the release of the coil. 


3. Sclerotherapy 


Sclerotherapy allows occlusion of smaller collateral venous channels, but this modality is cumbersome. 


Although embolization is a non-operative approach to the varicocele, it is often difficult and "more time- 
consuming than varicocelectomy. The success of veno-occlusion is 69%. The recurrence rate is 11%. 
Currently, embolization is used for the treatment of surgical failures in patients with previous inguinal 
surgery. Varicocele ligation remains the procedure of choice for the primary treatment of the varicocele. 


Complications of varicocele therapy: surgical and venographic 


e Recurrence or persistence of varicocele after therapy is the most common complication of varicocele 
therapy. After surgical therapy, the recurrence rate has been reported to be between 0% and 20%. The 
recurrence after venographic techniques is reported to be between 2% and 12%. Obviously, there is 
wide variation in surgical and venographic skills, and success rates will depend on the experience of the 
radiologist or surgeon. 

e Surgical repair may be accompanied by hydrocele formations (3%), epididymitis (less than 1%), and 
rarely, wound infections. 

e The major complication associated with balloon occlusion of varicoceles is balloon migration. This has 
been reported, but no clinical sequelae were noted. Additionally, there are complications common to all 
invasive radiological techniques. Contrast extravasation is the most common, but reactions are rare. 
Spermatic vein phlebitis and pain occur infrequently; inadvertent femoral artery puncture may also 
occur. 


CHAPTER 8 
OBSTRUCTIVE INFERTILITV 


Aetiologv and Pathogenesis 


Obstructions of the seminal ducts occur in the epididvmis and the vas deference and ejaculatorv ducts. 


Table 8.1 summarizes causes of obstruction. 


Table 8.1 Causes of obstruction in the seminal ducts. 


e Herniotomv with accidental ligation of the vas deferens 
e Congenital cysts (utricular cysts). prostatic cysts, cysts of the seminal vesicles 


e Trauma 


Clinical picture 


Complete bilateral obstruction of the seminal ducts leads to azoospermia and therefore to infertility. 

A unilateral obstruction can be compensated completely by the contralateral side, if this testis and 
seminal ducts are intact and thus may remain symptomless. 

Partial obstruction on both sides can lead, according to the degree of obstruction, to a significant 
deterioration of the ejaculate parameters with severe oligo (asthenoterato) zoospermia. 

If the obstruction is proximal to the ejaculatory ducts, the ejaculate volume generally remains normal, 
since the largest part of the seminal plasma originates from the seminal vesicles and prostate gland. A 
distal obstruction, however, leads to parvisemia (ejaculate volume < 2ml). 


Diagnosis 


Obstructive azoospermia is the principal differential diagnosis when normal testicular volume, normal 
FSH are associated with azoospermia. 

Thickening and induration of the epididymis and aplasia or hypoplasia of the vas deferens can be 
detected by palpation. 

Ultrasonography of the scrotal content allows direct imaging of cystic alterations of the epididymis 
which must be considered as causes of the obstruction, while changes in the region of the prostate gland 
and seminal vesicles (infectious alterations, anomalies, cysts in the area of the ejaculatory ducts) are 
detected by transrectal ultrasonography. 

The most helpful variables for differential diagnosis of an obstruction are the marker substances for the 
epididymis (alfa-glucosidase), seminal vesicle (fructose) and prostate gland (zinc) in the seminal plasma. 
If a patient has a bilateral obstruction, marker substances secreted above the level of obstruction are not 
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demonstrable in the ejaculate, while the levels of the markers secreted bv organs distal to the 
obstruction are normal. 


Therapv 


In patients with an obstruction of the seminal ducts and in the presence of probable or histologicallv 
confirmed at least qualitatively normal spermatogenesis, a vaso-epididymostomy (epididymal 
obstruction) or a vasovasostomy (e.g., after vasectomy) can be performed. 

The success of the operation as regards patency of the seminal ducts is dependent on the primary cause 
of obstruction, its duration and the surgical technique employed. 

In obstructive azoospermia and possible re-anastomosis microsurgical techniques are superior to 
techniques of assisted reproduction regarding long-ten pregnancy rates and costs and should be applied 
on first instance. The patient must be informed, however, that even if patency is re-established, fertility 
can remain reduced because of anti-sperm antibodies, and that a secondary obstruction can occur. 

If patency of the seminal ducts cannot be achieved, or microsurgery is indicated because of the 
anatomical conditions, direct microsurgical sperm aspiration from the epididymis (MESA) or sperm 
extraction from the testis (TESE) in combination with assisted fertilization (ICSI: intracytoplasmic sperm 
injection) can be offered to the couple. 


Cystic Fibrosis 


Aetiology 


Cystic fibrosis (CF) is one of the most common autosomal recessive disorders in Caucasian populations, 
where it affects approximately one in 2,500 children. 

Mutations in the CFTR gene are the basic cause of cystic fibrosis. The acronym CFTR is derived from 
“cystic fibrosis transmembrane conductance regulator”, a name that points to the function of the CFTR 
protein as a membrane-bound ion channel. 

In typical cases the intrascrotal portion of the vas is either totally absent or reduced to a cordlike struc- 
ture without a lumen. Mostly, the epididymal corpus and cauda are hypo- or aplastic. The head of the 
epididymis, not a derivative of the Wolffian ducts, is usually preserved and markedly dilated. Most men 
with CF have an intact testicular parenchyma, but nonspecific histological abnormalities are occasionally 
observed. 


Clinical picture and diagnosis 


If the CFTR protein is deficient or dysfunctional because of a mutation, the bronchial secretions become 
abnormally viscous. Obstruction and bacterial colonization of the airways ensue, and progressive impair- 
ment of lung function and right ventricular failure develop as secondary complications. 

Pancreatic insufficiency occurs in 85% of the patients. 

An increased sweat chloride concentration is the laboratory hallmark of cystic fibrosis. A sweat chloride 
concentration of more than 60mmol/l is diagnostic of CF. 

Obstructive azoospermia is found in more than 95% of all men affected with CF. Most have a bilateral 
congenital occlusion of the proximal vas deferens or the epididymis. 

Sonography of the testes sometimes shows calcifications, cystic or hypoechogenic areas. Aplasia of the 
vas deferens and epididymis is typically associated with abnormalities of the seminal vesicles, the latter 
being quite variable from patient to patient. Aplasia or hypoplasia, obstruction, dilatation and cystic 
degeneration may be observed. The seminal vesicle anomalies explain the almost universal finding of a 
subnormal ejaculate volume. 
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The diagnostic work-up of men with CF does not principallv deviate from the standard procedures 

emploved for other forms of obstructive azoospermia: 

o Measurement of ejaculate volume, pH, and fructose and alfa-glucosidase concentrations (or other 
markers of seminal vesicle and epididymal function) is of particular importance. 

o The vas deferens and epididymal malformations may be diagnosable by scrotal palpation, but this is 
not universally the case. 

o The ampullary vas deferens, the ejaculatory ducts and the seminal vesicles can be visualized by 
transrectal ultrasound. 


Therapy 


Infertile couples in whom one of the partners is affected with CF should undergo genetic counseling 
prior to initiation of treatment. 

CFTR gene mutation analysis for the female partners of male cystic fibrosis patients is essential. If 
routine testing in the partner does not reveal a mutation and her family history is negative for cystic 
fibrosis, the residual risk for CF in offspring of the couple is only about 0.5%. On the other hand, the risk 
may be up to 50% if the partner tests positive for a CFTR mutation. 

Assisted reproduction represents the only workable option for these patients to have biological children. 
With microsurgical techniques, spermatozoa can be retrieved from the epididymis or directly from the 
testicular parenchyma (MESA or TESE), for subsequent ICSI. 


Congenital absence of the vas deferens (CBAVD) 


Aetiology and pathogenesis 


CBAVD is found in 1% of infertile males and in up to 6% of those with obstructive azoospermia. 

CBAVD has two genetic aetiologies: one involves mutations in the same genes that underlie cystic 
fibrosis and the second involves unknown genetic mechanisms controlling mesonephric duct (Wolfian 
duct)differentiation. 


Clinical picture and diagnosis 


Physical examination reveals normal testis size and consistency, as spermatogenesis is unaffected. 

The caput epididymidis, made up of the efferent ductules is always present and will be full and firm, as it 
is distended with fluid from the testis. The corpus and cauda are occasionally found as well. 

The vasa are absent bilaterally to palpation. 

Since the seminal vesicles are typically absent or atrophic, the ejaculate consists only of prostatic fluid 
and is thin, watery, of low volume (0.6mL), and low pH (6.5). The seminal vesicle anomalies can be 
imaged by transrectal ultrasound. 

Pulmonary and pancreatic functions are fine. 


Therapy 


As in cystic fibrosis, assisted reproduction for patients with CBAVD should be preceded by genetic 
counselling. 

CFTR mutation analysis in the female partner is of utmost importance. The risk for CF in children of the 
couple depends on how many CFTR mutations can be excluded. 

Sperm retrieval through MESA or TESE and subsequent ICSI is now the standard therapeutic approach to 
male infertility due to CBAVD. 
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Unilateral Absence of the Vas Deferens 
Congenital unilateral absence of the vas deferens (CUAVD) is compatible with normal fertilitv, and prob- 
ably many cases never come to clinical attention. 
Manv patients with CUAVD have a contralateral obstruction of the seminal ducts at a more distal level. 
Most patients from this particular group (azoospermia, unilateral vas deferens aplasia, more distal 
contralateral obstruction) carrv mutations of the CFTR gene. 


Bilateral obstruction of the ejaculatorv ducts 


Aetiologv 


Causes of ejaculatorv duct obstruction mav be either congenital or acquired. 

Acquired causes include infections (sexually transmitted diseases, prostatic abscess, prostatitis, 
tuberculosis), tumors, ejaculatory duct calculi, and urethral catheterization, as well as iatrogenic trauma 
secondary to pediatric rectal surgery and transurethral procedures. 

Congenital ejaculatory duct obstruction results from anomalies such as utricular, Mullerian, and Wolffian 
duct cysts, as well as congenital atresia or stenosis of the ejaculatory ducts. 


Evaluation and diagnosis 


The most common complaint in men presenting with ejaculatory duct obstruction is infertility. 

Some patients were found to have haematospermia, perineal pain and painful ejaculation. Other 
symptoms occasionally associated with ejaculatory duct obstruction are pain radiating into testis, 
difficulties with bowel habits and tenesmus, change in the volume of ejaculate, and lower urinary 
symptoms consistent with bladder outlet obstruction. 

Physical examination of men with ejaculatory duct obstruction in most cases is unremarkable. 

A routine hormonal profile is obtained to evaluate azoospermia or oligospermia, which in the case of 
ejaculatory duct obstruction usually reveals normal FSH, LH and testosterone, thus suggesting normal 
spermatogenesis. 

Transrectal ultrasound (TRUS) is used to detect obstructing lesions and provide evidence of obstruction 
of the ejaculatory ducts in a noninvasive manner. 

The largest portion of the ejaculate is produced by the seminal vesicles and when the ejaculatory ducts 
are obstructed the semen lacks those secretions. Therefore, semen analyses in cases of complete 
ejaculatory duct obstruction will reveal low-volume (<1 mL), azoospermia, and the ejaculate frequently 
will be watery and acidic (pH < 7). Absence of fructose in the semen is consistent with obstruction and 
lack of contribution of fluid from the seminal vesicles but is not always found in cases of ejaculatory 
obstruction. 

The differential diagnosis of complete ejaculatory duct obstruction should include congenital bilateral - 
absence of the vas deference, failure of emission, and retrograde ejaculation. 

Vasal fluid obtained from vasotomy is examined microscopically. Presence of a significant amount of 
sperm confirms that spermatogenesis is present and proximal excurrent duct are patent. 

Contrast medium injected into the abdominal portion of the vas deferens will either efflux into the 
bladder (indicating no obstruction) or fill dilated obstructed seminal vesicles. 

Contemporary evaluation and management of ejaculatory duct obstruction has been greatly simplified 
and streamlined by the use of high resolution transrectal ultrasound. This has the advantage of being 
less invasive and less expensive than vasography. The ultrasonographic diagnosis of ejaculatory duct 
obstruction is based upon the finding of dilation of the seminal vesicles and abnormalities in the region 
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of the ejaculatory ducts. Some additional findings include ejaculatory duct cysts, Mullerian duct 
remnants, and seminal vesicle or ejaculatory duct calculi. 


Management of ejaculatory duct obstruction 


To obtain improved chances at natural conception, men with ejaculatory duct obstruction may undergo 
transurethral resection of the ejaculatory ducts. Overall, with this procedure approximately 50-90% of 
patients will experience improvement of semen parameters, and 9-43% of men will attain a natural 
pregnancy. 

For men with partial ejaculatory duct obstruction and motile sperm in the ejaculate, intrauterine 
insemination (IUI) or IVF with or without ICSI are treatment options, depending on individual semen 
parameters. 

For men who are azoospermic and suffer from ejaculatory duct obstruction, epididymal or testicular 
sperm extraction in conjunction with IVF/ICSI is an option to attain a pregnancy. 


Young Syndrome 


Aetiology and Pathogenesis 


The combined occurrence of obstructive azoospermia and chronic sino-bronchial disease is the hallmark 
of Young syndrome. Although there may be similarities in presentation, it is clinically and aetiologically 
distinct both from CF and congenital absence of the vas deferens. 

Azoospermia in Young syndrome is caused by an obstruction in the middle segment in the epididymis by 
an amorphous mass. 

Several patients have been reported to have fathered children before the diagnosis was made. This 
makes it likely that the occlusion develops over time in a primarily unobstructed epididymis, perhaps 
through inspissated secretions. 

Young syndrome is notable for the absence of structural abnormalities of the vas deferens, epididymis, 
and seminal vesicles. Volume and fructose content of the ejaculate are normal. 

Another feature distinguishing this condition from CF and CBAVD is that testicular palpation, biopsy and 
measurement of FSH and the other reproductive hormones usually yield normal results. Pancreatic 
function as sweat chloride levels are normal; again in contrast to CF. 


Clinical Picture and Diagnosis 


Patients affected with Young syndrome have a characteristic history of coughing, sputum production, 
and recurrent sino-bronchitis since early infancy. These problems usually improve during adolescence. 
Bronchiectases are a frequent finding, but lung involvement does not progress as in CF. 


Therapy 


Sperm retrieval from the epididymis or testis by means of MESA or TESE and subsequent ICSI are the 
therapeutic options of choice for patients who which to have children. 


CHAPTER 9 
IMMUNOLOGIC INFERTILITV 


Testicular immunologv 


Immune reactions easilv induced in other organ svstems appear to be qualitativelv decreased in the 
testis. This is likelv related to the unique wav in which the immune svstem views sperm. 
The immune svstem develops tolerance to self-antigens during embrvologic development before the 
initiation of spermatogenesis. 
At puberty, meiosis begins in the testis with synchronized waves of sperm production. As germ cells take 
a haploid form, new cell- surface antigens are expressed that are novel to the immune system. As a 
result, mature spermatozoa appear "foreign" to the immune system. Despite the novelty of sperm 
proteins, it is surprising that autoimmunity to sperm does not occur more often than observed in the 
adult male. 
How is this immunological privacy maintained? Electron microscopic and immunohistochemical studies 
have shown lymphocytes and macrophages in the spaces between seminiferous tubules, but not within 
the tubules. This has led to the hypothesis that a "blood-testis barrier" exists. 
This barrier, more appropriately termed the "blood-seminiferous tubule barrier," has two components: 
an anatomic or mechanical barrier and a functional barrier. 
The mechanical barrier is created by muscle-like myoid cells that surround seminiferous tubules and that 
have been shown to exclude large molecules including immunoglobulins. The most important 
component of this barrier consists of synaptic tight junctions that form between Sertoli cells. These 
specialized attachments preclude the passage of large molecules and lymphocytes between cells. 
The functional barrier appears to involve suppression of immunoreactivity and down-regulation of the 
cell-mediated immunity. Three mechanisms likely work in concert to protect sperm from destruction. 
o First, lymphocytes are diverted by the vascular endothelium and are not allowed to accumulate in 
anatomically vulnerable regions in germinal epithelium. 
Second, these vulnerable regions harbor mainly T suppressor cells. 
Third, sperm antigens may be improperly presented to lymphocytes, impairing the immune 
response. This may be due to deficiencies in the association between antigens and the human 
leukocyte antigen (HLA) system, or to defects in HLA proteins. 
By these 3 mechanisms immunoreactivity is impaired and the functional barrier is maintained. 
Immunologic tolerance may also play a role in the functional testis barrier. Within the anatomically 
weaker areas (rete testis, efferent tubule, epididymis) there is a small, continuous leak of sperm 
antigens. This leak generates T suppressor cells and immune tolerance, similar to desensitization 
protocols for common environmental allergens. 
Cytokines may also contribute to immune tolerance, specifically interferon gama, soluble Fc receptor, 
and transforming growth factor beta. 
Hormones, and in particular androgens, also appear to regulate immunity. 
Finally, the seminal plasma may provide an immunologically privileged environment for ejaculated 
sperm within the female genital tract. 


Mechanisms of immunologic infertility 


Antibody-mediated sperm autoimmunity 
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Up to 12% of men undergoing evaluation for infertility will have antisperm antibodies (ASA). 

ASAs have been found in serum, seminal plasma, and bound directly to sperm. 

Although it could be postulated that serum antibodies act as a marker of immune infertility, their clinical 
importance remains uncertain. 

Antibodies within the seminal plasma are found both free and bound to sperm. Bound antibodies may 
have a higher affinity for particular sperm antigens than those that are free. 


Immune activation and antibody production 


Antibody production is classified as primary or secondary, depending upon the event that led to immune 
activation. 

"Primary" or "idiopathic" implies an unknown aetiology of antibody production, whereas "secondary" 
implies a known traumatic, inflammatory, or obstructive event that culminated in exposure of auto- 
antigens to the immune system. 

Although several theories have been proposed to explain pathologic ASA production, most involve a 
disruption of the anatomic or functional blood-testis barrier. 

Physical disruption of the barrier can occur in a variety of conditions, including testicular trauma, biopsy, 
vasectomy, or other testis, epididymal, or vasal surgery. Less obvious causes of ASA production include 
orchitis, testis cancer, torsion, cryptorchidism, and varicocele, all of which have been correlated with 
ASA production. 

Following vasectomy, 50-80% of men will have serum levels of ASA. These levels are observed as early as 
two months following the procedure, tend to peak at one year, and decline by year 2. Antibodies have 
been reported as late as 20 years after vasectomy. Despite their presence, ASAs after vasectomy have 
very little clinical impact, since many men, despite elevated serum levels of antibody, are able to 
conceive normally following vasectomy reversal. 

Individuals with unilateral or bilateral genital tract obstruction appear to be at increased risk for ASA 
production. Elevated ASA titers have been found in 81% of men with obstruction, compared to 10% of 
men with other causes of infertility. 

Inflammatory conditions such as orchitis and prostatitis may also be associated with ASA production, but 
there is less evidence of that association. 

Assays for ASA in infertile men have found that men with varicoceles are two times more likely to have 
ASA titers than men without varicoceles. 

ASA production has also been demonstrated in men who have undergone testis biopsy. 


Antibodies involved in immunological infertility 


Only IgG, IgM, and IgA have been shown to be directed against sperm. 

IgM ASAs have a limited role in immune infertility. 

IgG is produced locally in the genital tract as well as transudated from serum, where it is produced in 
large quantities. 

IgA is found in the seminal plasma but virtually never in serum. Based upon this and our understanding 
of IgA behavior in other organ systems, it is likely generated by local antigen inoculation. 


Mechanisms of antibody-mediated infertility 


Antibodies may impair sperm motility, passage through the female reproductive tract, and the capacity 
for sperm to properly interact with the oocyte during fertilization. 
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1. Antibodv binding to sperm mav prevent penetration of the cervical mucus, and forms the basis of the 
cervical mucus test. These interactions are caused predominantiv bv IgA as opposed to IgG antibodv, 
suggesting that the local antibodv response mav have a greater role in autoimmunitv than the svstemic 
antibodv response. 
o When more than 50% of sperm are antibodv-bound, the probability of adequate numbers of sperm 
penetrating cervical mucus is significantly reduced. 
The Fc region of IgA binds receptors within the mucus, impair forward progression. 
Sperm bound by antibody can also cause agglutination, which decreases their efficient passage 
through the cervical mucus. 
o Female antisperm antibodies may also cause poor sperm mucus penetration. In this case, sperm are 
quickly immobilized in the mucus after targeting by resident antibodies. 


2. In addition to inhibited passage through the mucus, antibody-bound sperm may also be targets for 
destruction. Sperm opsonization occurs throughout the female genital tract, including in the uterine cavity, 
fallopian tubes, and intra-peritoneally. Once opsonization has occurred, sperm are phagocytosed or fixed by 
the complement, and then lysed. 


3. Antisperm antibodies may also prevent normal gamete interaction by preventing normal binding to the 
zona pellucida. The interaction between sperm and egg is highly regulated by specific receptor-ligand 
binding. Opsonized sperm may be unable to bind appropriately to the oocyte. Clinically, this suggests that 
head-directed antibodies may be more deleterious than tail-directed antibodies for infertility. 


4. Oocyte penetration by sperm may also be affected by ASA. In-vitro experiments in which sperm have been 
incubated with the sera of ASA-positive men have demonstrated that ASA-coated sperm only poorly 
penetrate zona-free hamster eggs. Interestingly, this effect only occurs with antisperm IgG and IgM, but not 
IgA, which has led to the thought that complement fixation is key in preventing oocyte penetration. 


Cell-mediated sperm autoimmunity 

e Cell-mediated autoimmune infertility is difficult to demonstrate. However, several lines of evidence 
suggest that it may be important for infertility. Clinically, this may be what is observed with spermatic 
cord torsion. 

e Investigators have also attempted to quantify the cellular immune response in patients with a history of 
surgically repaired cryptorchidism. In this study, subject macrophages were purified and combined with 
homologous sperm to assess macrophage reactivity. Half of the patients with unilateral cryptorchidism 
and 80% of those with bilateral disease demonstrated immuno-reactivity. 

e There is insufficient evidence to link cellular autoimmunity with pyospermia. 

e Cytokines, the soluble mediators of inflammation, are most likely linked to any autoimmune response to 
sperm. Impairments of sperm motility and hamster egg penetration have been observed in sperm 
exposed to cytokines such as interferon gama, tumor necrosis factor, and the supernatant of activated 
lymphocytes. In addition, the leukocytes of vasectomy patients, when stimulated with sperm in vitro, 
have augmented cytokine production compared with those of men without vasectomy. 


Diagnosis of immunologic infertility 
I. Tests of antibody sperm antibodies (ASA) 
An ASA assay should be obtained when: 
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1. The semen analysis shows excessive sperm agglutination(mainly tail-to-tail agglutination) or clumping in 
the absence of clinical infection. 

Low sperm motility exists, with history of testis injury or surgery. 

In cases of repeated genital infections and there is increased leukocytes.in semen. 

Sperm "shaking" is observed on sperm-cervical mucus contact testing. 

Poor penetration of mucus is observed on a postcoital test. 

There is unexplained infertility. 
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When there is a genetic predisposition. 


Tests for antisperm antibodies 

1. Sperm immobilization tests (Isojima) 

These tests measure complement-dependent cytotoxicity and are highly specific for immunoglobulins. 
Therefore, false positive results are rare, while false negative results may occur. 


2. Sperm agglutination tests 

These tests depend on cross-linking of spermatozoa by multivalent antibodies. Non-immunoglobulin- 
mediated agglutination may lead lo false positive results. The number of sites for antigen binding varies with 
immunoglobulin class, so that large multivalent molecules such as IgM are more likely to give a strongly 
positive reaction 


3. Tests using a second antibody 

A. Mixed agglutination reaction (MAR) 

e This test uses a second antibody (e.g., rabbit antibody) that is directed against a human immunoglobulin 
class. 

e The agglutination response is amplified by including human red blood cells that are also coated with 
human immunoglobulin. Thus the positive response involves the mixed agglutination of blood cells and 
sperm cells by the second antibody. 

e The large size of the agglutinate limits the ability of the assay to determine the region of the sperm to 
which the antibody is bound, and restricts its utility in evaluating the percentage of antibody-bound 
sperm. 

e  ltisauseful screening test for ASA and results should be confirmed with the IBT. 


B. Indirect immunofluorescence 

In this test, the second antibodv is conjugated with a fluorescent label, and the number of antibodv-bound 
sperm can be observed directly with a fluorescence microscope, along with the location of the bound anti- 
body on the sperm surface. 


C. Enzyme-linked immunosorbent assay (ELISA) 
In these tests, the second antibody is linked to an enzyme that has reacted with its substrate to produce a 
colour that can be measured photometrically. 


D. Radio-labeled antiglobulin assay 
In this assay the second antibody is labeled with a radioisotope, usually i'l-protein G, as the radioligand, and 
the result is determined from the radioactivity (bound antibody) remaining in the washed sperm cells. 


4. Immunobead rosette test (IBT) 
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Advantages 
It is a technicallv simple assav that requires no equipment. 


o It evaluates immunologic infertility by identifying the classes of antisperm antibodies 
o ltidentifies the binding sites on the sperm surface. 
o This test is one of the most informative and specific of all the assays currently available to detect 


antisperm antibodies. 
The test uses polyacrylamide beads coated with antibodies against human immunoglobulins (Igs) to bind 
to antibody coated sperm. 
The test makes use of widely available, inexpensive reagents "The immunobeads" which are microscopic 
polyacrylamide spheres which carry covalently bound rabbit antibodies directed against human immuno- 
globulins (IgG, IgA, IgM). 
Sperm and beads are mixed, and the suspension is observed microscopically for agglutination of sperm 
and beads. By using beads coated with Ig-class-specific second antibodies, one can identify the different 
antibody classes involved (IgG, IgA, IgM). 
The rate of false positives is low with the immunobead test, but false negatives may occur. 
The test is considered positive if > 20% of the motile sperm have > 2 attached beads. 
Depending on the region of the sperm to which the antibody is attached, different sperm functions may 
be affected. For example, antibodies attached to the sperm tail may hinder sperm motility and transport, 
and those attached to the head region could interfere with sperm binding to the zona pellucida or block, 
entry of the sperm into the ooplasm itself. 


Immunologically mediated infertility usually presents as unexplained infertility. During the male 
evaluation, attempts should be made to elucidate potential exposures that could predispose to ASA 
production. 
Neither sperm concentration nor viability is associated with ASA presence. Decreased sperm motility can 
be caused by antibody coating of sperm, but other causes such as varicocele should be excluded. 
Additionally, sperm that are bound by antibody are more likely to clump and be observed as 
agglutination. Unfortunately, agglutination is nonspecific, and can also be due to infection. 
Examination of sperm behavior in cervical mucus, although not commonly performed, may help to 
identify ASA. Postcoital and cervical mucus penetration testing assess the capacity of sperm to penetrate 
cervical mucus. The finding of sperm that are shaking back and forth, without forward progression, may 
indicate ASA production. Evidence to date indicates that a threshold is reached when over 50% of sperm 
are bound by antibody. Below this value, clinical studies demonstrate that post-coital tests approximate 
fertile controls. 
The location of antibody binding to sperm, or antibody "binding geography," may also differentially 
affect sperm function. Whereas tail-directed sperm antibodies are more likely to impair motility and 
cause agglutination, sperm head-directed antibodies may preferentially affect zona binding and 
fertilization, as suggested by immobilization and penetration assays. 
Although ASAs are detectable in both serum and seminal plasma, consensus is that antibodies bound to 
sperm within the semen are the most important. As a result, assays for sperm-bound antibodies are 
considered the most relevant. 
Moreover, since only IgG and IgA are found in significant quantities within the reproductive tract, 
incorporating these antibody classes into the ASA assay is important. 
Currently, the most popular tests to identify ASA are: 
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o The immunobead test (IBT): it identifies immunoglobulins on the sperm surface by directing bead- 
bound antibody to the Fc portion of the ASA. Based upon the pattern of immunobead binding, this 
assay determines the proportion of sperm in the sample that are antibody-bound, the class of 
antibody bound, and the location on sperm where the antibody is bound. 

o The mixed agglutination-reaction (MAR): it uses similar principles of monoclonal antibody 
technology but employs sheep erythrocytes instead of immunobeads to detect and localize 
antibody-bound sperm. 

Unfortunately, by any current methodology, the lower limit of detection of sperm antibodies is not 

known, and thus the clinical relevance of these assays is limited. 


I. Tests of cell-mediated immunity 


Despite the idea that cell-mediated immunity plays a pivotal role in the pathology of immune infertility, 
few assays exist to quantify its role. This reflects not only the complexity of the cellular immune system, 
but also our lack of understanding of the exact cellular components that mediate infertility. 

A leukocyte migration assay has been described for the detection of delayed hypersensitivity to sperm. 
Isolated peripheral blood leukocytes from either partner are mixed with sperm, and leukocyte migration 
through the gel is assessed by video analysis. In mixtures where there is sperm-leukocyte reaction, 
leukocyte movement is inhibited. All men with normal semen analyses had a normal assay result, 
whereas 53% of asthenospermic men and 25% of men with oligoasthenospermia had abnormal indices 
indicative of a cellular immune response to sperm. 

More useful assays for the detection of cell-mediated immune infertility will undoubtedly arise as our 
understanding of autoimmunity improves. 


Treatment of immunologic infertility 


. Systemic immunosuppression 


Similar to other autoimmune diseases, suppression of the immune system is a cornerstone of 
autoimmune infertility treatment. 

The most common agents are corticosteroids as they prevent the chemotaxis of inflammatory cells, 
impede cytokine release, decrease antibody production, and even weaken antigen-antibody association. 

They have a suppressive effect upon both the humoural and cellular arms of immunity. 

The results of treatment with twice-daily doses of prednisone 20 mg, on days 1-10 of the menstrual cycle 
for a total of nine months appear encouraging, with natural pregnancy rates ranging from 9% to 50% 
during treatment. 


. Sperm washing 


The goal of sperm washing is to remove bound antibody. Several techniques have been described to 
remove ASA from seminal fluid as well as from sperm. 

While rapid dilutional washing of the seminal fluid may remove unbound antibodies, it has little impact 
upon those that are already bound. 

Detergent-based washes may remove antibodies but can severely damage sperm. 

Enzymatic cleaning has been described using a protease specific to the Fc region of IgA. Cleaning by this 
method reduces immunobead binding and increases cervical mucus penetration. 

To be effective, all sperm washing techniques should be combined with intrauterine insemination (IUI), 
or with higher levels of assisted reproduction. 
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3. Intrauterine insemination (IUI) 


If the cause of immune- mediated infertilitv is the inabilitv of opsonized sperm to adequatelv penetrate 
the cervical mucus, IUI is used to place more sperm beyond the cervix in the female reproductive tract, 
sperm that would have been caught in cervical mucus due to ASA. Given that antibody-bound sperm 
may have a shorter survival time within the female genital tract, accurate estimation of ovulation could 
improve the success of this technique. 

IUI, combined with ovulatory stimulation was used in a cohort of couples with poor postcoital tests, and 
pregnancy rates were 5%, 9.7%, and 14.3% per cycle with un-stimulated, clomiphene citrate, and 
gonadotropin-stimulated IUI, respectively. Additionally, these authors found decreased pregnancy rates 
in cases in which antibodies were directed to the sperm head, when compared to those directed to the 
tail. 

Other investigators have reported pregnancy rates ranging from 14% to 25% per cycle using washed 
sperm with IUI. IUI is best suited for treatment of infertility when there is evidence of a cervical mucus 
problem, whether it is due to antibodies or not, the sperm are unable to penetrate the cervical mucus. 


4. In-vitro fertilization 


In-vitro fertilization (IVF) refers to the co-incubation of harvested ova and processed sperm followed by 
fertilization within the laboratory and subsequent transfer of embryos to the uterus. 

Relatively low numbers of sperm (100 000/oocyte) are required for successful IVF in cases of female- 
factor infertility, thus making it useful for male-factor infertility as well. 

When IVF is used to treat immune infertility, the fertilization and pregnancy rates are lower than those 
observed for other indications, with overall pregnancy rates ranging from 14% to 35% per cycle. 


5. IVF-ICSI 


In cases in which immune infertility is not overcome by IVF, intracytoplasmic sperm injection (ICSI) may 
be used. 

With ICSI, the number of sperm required for egg fertilization is as low as one viable sperm for each 
retrieved oocyte. 

ICSI reliably allows viable sperm with limited intrinsic fertilizing capacity, including "immature" sperm 
obtained surgically, to fertilize eggs. 

While it has been used to overcome many forms of severe male-factor infertility, ICSI also has the 
potential to overcome antibody-mediated infertility by bypassing the interaction between sperm and the 
zona pellucida and oocyte membrane. 

Some authors compared IVF and ICSI fertilization rates among couples who had ICSI for MAR-positive 
antisperm antibodies, and MAR-positive couples who had IVF alone. Fertilization rates were significantly 
greater in ICSI than in IVF alone in MAR-positive couples (79% vs. 44%). 
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CHAPTER 10 
INFERTILITV DUE TO GENITAL TRACT INFECTION 


Genital tract infections 


The male genital tract proximal to the urethra is tvpicallv sterile, and several components of the male 
reproductive svstem are immunologicallv sequestered. 

Without a fullv competent immune response, the genital tract mav be prone to infections. These 
infections mav be either bacterial or viral, and manifest in acute, chronic, or subclinical processes. 
Infections of the male genitourinary (GU) tract can adversely impact male fertility by impairing 
spermatogenesis, disrupting sperm function, causing obstruction of the genital ductal system, inhibiting 
accessory gland function, or causing inflammation secondary to leukocyte response. 

Acute infections of the genital tract are indicated by patient history and can present with irritative 
voiding symptoms, urethral discharge, orchalgia, or painful ejaculation. Traditional diagnostic criteria 
consist of two or more of the following parameters: (1) history of GU infection and/or abnormal rectal 
examination, (2) abnormal expressed prostatic secretions and/or urinary sediment after prostatic 
massage, (3) > 10° bacteria/mL ejaculate, or (4) > 10° leukocytes/ml ejaculate. 

Subclinical infections are more difficult to recognize and diagnose than acute infections. This is true not 
only because patients are largely asymptomatic, but also because some of these infections may actually 
represent contamination from commensal, nonpathogenic organisms. Additionally, due to antibacterial 
effects of semen, there are limitations in culturing all potential pathogenic organisms. Several 
investigators have demonstrated that bacterial isolates from semen of men in subfertile couples are 
often commensal, nonpathogenic organisms. 


Sites of infection 


Urethritis 


Infections of the urethra are most commonly due to sexually transmitted pathogens, and they are sep- 
arated into two broad categories: gonococcal urethritis (due to Neisseria gonorrhoeae) and non- 
gonococcal urethritis (Chlamydia trachomatis, Mycoplasma species, Trichomonas vaginalis). 

The proper diagnostic workup of suspected urethritis includes: (1) Gram stains of a urethral smear, (2) 
leukocyte quantification of a first-void urine sample, and (3) specific isolation techniques such as endo- 
urethral culture, PCR, or ELISA. 

Based on these modalities, a urethral Gram stain containing > 4 leukocytes per microscopic field (xI000) 
or a first-void urine sample smear containing > 15 leukocytes per microscopic field (x400) is regarded as 
a positive result. 


Prostatitis 


Type | prostatitis is generally the result of ascending urinary tract infection (UTI) of typical 
uropathogenic organisms. Patients usually present with constitutional symptoms, perineal or prostatic 
pain, and voiding complaints. Complications include prostatic abscess, especially in 
immunocompromized patients and diabetics. A long-term course of antibiotics for 2-3 weeks is the 
mainstay of treatment for uncomplicated cases. 

Type Il prostatitis is defined as prostatic inflammation and recurrent UTI with a bacterial pathogen 
localized to the prostate. Common pathogens include E. coli and other UTl-causing Gram-negative 


if 


organisms (Klebsiella spp., Proteus spp., P. aeruginosa, Enterococcus spp.). Unlike type | prostatitis, type 
Il prostatitis is typically not associated with fever. However, both type | and type II prostatitis are often 
alleviated with antibiotics. Treatment requires extended therapy (as long as 6-12 weeks) with antibiotics 
that are lipophilic, thus able to penetrate the prostate. Trimethoprim-sulphamethoxazole and 
fluoroquinolones are examples of antibiotics usually effective in this setting. Care must be taken in 
administering prolonged courses of fluoroquinolones, because of the increased risk of associated 
tendonitis and tendon rupture. 

Type Ill prostatitis (Chronic pelvic pain syndrome) is a complex entity consisting of prostatic pain and 
voiding difficulties, with 90% of symptomatic prostatitis patients grouped into this category. Type Ill 
prostatitis is further divided into type IIIA (inflammatory type) and type IIIB (non-inflammatory type). 
Type IIIA presents with leukocytosis on expressed prostatic secretions (EPS) or post-prostatic massage 
urinalysis. Interestingly, some authors demonstrated that a 12-week course of antimicrobial therapy 
does alleviate symptoms in type IIl prostatitis, despite the absence of documented bacterial infection 
that defines this condition. 

Type IV prostatitis is an incidental finding on prostate biopsy or expressed prostatic secretions. The 
effect of prostatitis on male fertility will be discussed later in this chapter. 


Prostatitis, male infertility, and leuko-cytospermia 


The effect of prostatitis on male fertility is controversial. Much of research has focused on type III prostatitis. 


Some authors demonstrated that men with type Ill prostatitis had elevated seminal oxidative stress (ROS). 


Furthermore, sperm motility was impaired only in type III patient with leukocytospermia (peroxidase). Other 


authors demonstrated no difference in sperm concentration, motility, viability, and WHO morphology 


criteria between patients with type III and controls. 


Epididymitis 


Epididymitis is one of the most common causes of acute scrotum, presenting with ipsilateral scrotal 
swelling and pain. 

Systemic symptoms such as fever and leukocytosis are seen in 30-50% of patients. 

The organism responsible for the infection typically is dependent on patient demographics. Sexually 
active men under the age of 35 are often infected with C trachomatis (two-thirds of cases) or N. 
gonorrhoeae, with accompanying symptoms of urethritis. 

In many patients, exposure to the organism may have occurred several months before presentation. For 
men over 35 years of age, men with recent urinary tract instrumentation or surgery, or men with 
anatomical abnormalities, E. coli is often the etiological organism causing epididymitis. 

Treatment of epididymitis should be pathogen-specific, with consideration given to patient 
demographics during initial evaluation. 

In the case of acute epididymitis, several authors have observed that both sperm concentration and 
forward motility are transiently impaired. However, with appropriate antibiotic treatment, decreased 
semen parameters and impaired sperm function often normalize. 


Orchitis 


Mumps orchitis in postpubertal boys is the most important viral infection related to infertility (See 
Chapter 8). 

Bacterial orchitis, unlike viral orchitis, often results from contiguous spread of infection from the 
epididymis. Common pathogens include N. gonorrhoeae, C. trachomatis, Gram-negative bacilli (E. coli, K. 
pneumoniae, P. aeruginosa), and Gram-positive cocci (staphylococci and streptococci). 
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e Patients may present with fever, testicular pain and swelling, and often an acute, reactive hvdrocele. 
e Medical management is similar to that administered in the case of epididymitis. 


Specific bacterial infections of the male genital tract 


Neisseria gonorrhoeae 
Ascending infections in men involving genitourinary tract structures other than the urethra are estimated at 
less than 1% of patients, but when epididymitis or orchitis does occur, testicular damage or excurrent ductal 
obstruction can result. 


Chlamydia trachomatis 

e C. trachomatis is the most common cause of non-gonococcal urethritis and acute epididymitis in men of 
reproductive age. 

e Infertility may arise because C. trachomatis is an obligate intracellular organism capable of causing a 
variety of pathological changes including epididymitis, orchitis, testicular atrophy, genital ductal 
obstruction, germinal epithelial cell damage, and blood-testis barrier breakdown leading to antisperm 
antibody production. 


Mycoplasma 

e Urea-plasma urealyticum is a significant cause of urethritis, and is believed to be responsible for up to 25% 
of non-gonococcal urethritis. 

e Similar to other bacterial causes of urethritis, mycoplasma infections may present acutely or remain 
subclinical, and the actual impact of U. urealyticum and Mycoplasma hominis on male fertility is 
controversial. 

e infertile males with U. urealyticum infections had significantly improved sperm motility following 
treatment. 

e Semen samples with mycoplasma (U. urealyticum and M. hominis) had decreased motility, morphology. 
hyperactivation and acrosome reactivity when compared with controls. 

e U.urealvticum is associated with increased sperm chromatin and DNA damage. 

e In contrast to the above findings, some authors noted no difference between the frequency of U. 
urealyticum in the semen of infertile and fertile men. 


Trichomonas vaginalis 

T. vaginalis-positive semen from asymptomatic men, demonstrated decreased sperm motility, decreased 
morphology, altered membrane integrity, and increased viscosity versus controls. Treatment with a single 
course of metronidazole resulted in significantly improved semen parameters in 50% of patients. 


Viruses 

e Viruses may impact male fertility by stimulating direct cytotoxic immune mechanisms and indirect 
inflammatory processes. 

e Investigators detected herpes simplex virus (HSV) in 49.5% in semen samples of infertile patients and 
reported significantly decreased sperm concentration and motility in HSV-positive patients versus HSV- 
negative patients. 

e Early HIV infections are generally not associated with abnormalities in semen parameters. However, with 
disease progression to AIDS (i.e., CD4 + count < 200 cells/mm? or symptomatic disease), significant 


¿0 


seminal abnormalities (impaired concentration, morphologv, motilitv, viscositv) and leukocvtospermia 
are often evident. 


Leukocvtospermia and male infertilitv 

e Currently, the WHO defines leukocytospermia as > 1 x 10° WBCs/mL semen. 

e infertile men with leukocytospermia had significant reductions in total sperm number, worse sperm 
motility and morphology. 

e Other reports demonstrated that leukocytospermia had no influence on semen parameters. 

e Leukocytes in the semen may represent both a nonspecific defense mechanism and a scavenging system 
for damaged, dead, and immature sperm. This may suggest a potential protective role of leukocytes, 
especially granulocytes, in sperm quality. 

e leukocvtospermia in semen from infertile men may result in: 

1. spermatozoal damage through the release of reactive oxygen species (ROS). 
2. Increased pro-inflammatory cytokines (TNF-alfa, IL-1, IL-2, IL-6, IL-8) which impair sperm function. 
3. Ahigh prevalence of antisperm antibodies in infertile men with. 


Detection of leukocytospermia 
e Round cells seen under the microscope can be leukocytes or immature germ cells. So, microscopy alone 
is not an accurate method for the determination of leukocytospermia. 
e Three tests are available to detect leukocytospermia: 
1. The peroxidase test: 
o This test detects the peroxidase enzyme present in granulocytes (plymorphs), which are the 
predominant WBC in semen, and are important indicators of acute infection and inflammation. 
o Peroxidase tests do not detect other WBCs, but because granulocytes represent 50-60% of all 
WBCs in semen, peroxidase-positive cell concentrations correlate with total WBC counts as 
detected by the more technologically sophisticated immunohistology or flow eytometry tests. 
o For all the reasons stated above, the peroxidase assay at the present time is the method of 
choice for clinical assessment of leukocytospermia. 
. Immunohistology: 
it provides the most accurate means of leukocyte detection and quantification. 
It employs monoclonal antibodies targeted against WBC surface markers. 
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Leukocytospermia was detected in 8.9% of samples assayed by peroxidase, whereas this number 

rose to 15.2% of samples when immunohistology was employed. 

3. Flow cytometry 

o Flow cytometry is a method frequently used in the field of cellular immunology, and can 
accurately analyze thousands of cells in a few seconds. 

o Recent studies have raised the possibility of utilizing flow cytometry for a number of andrological 

measures, including assessing seminal WBC. 


Treatment of leukocytospermia 

1. Antibiotics 

e A great deal of evidence supports the use of antibiotics to reduce leukocytospermia. In addition to 
treating infection, the goal of therapy is to restore normal semen parameters. 

e A pregnancy, rate of 53% was reported by treatment of infertile men having leukocytospermia with 
doxycycline given 100mg twice daily for 7 days follower by 100mg once a day for 21 days. The female 
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partner was treated simultaneously with 100mg twice daily for 5 days and 100mg once daily for 5 more 
davs. 

Other authors reported resolution of leukocvtospermia in 76% of infertile males after one month 
treatment with trimethoprim 80mg, sulphamethoxazole 400mg orallv twice per dav. 

However, other authors found that antibiotic therapv of infertile men with leukocvtospermia did not 
improve semen parameters. 


2. COX-2 inhibitors 


COX-2 inhibitors are anti-inflammatorv medications that inhibit prostaglandin production. 

Patients with abacterial leukocvtospermia were treated with valdecoxib 20 mg/dav for two weeks. 
Following treatment, a reduction in leukocyte concentration from 5.5 x 10° WBCs/mL to 1.0 x 10° 
WBCs/mL was found. Furthermore, sperm count was significantly increased, though motility and 
morphology did not improve. These results suggest a beneficial role for COX-2 inhibitors in patients with 
abacterial leukocytospermia. 


3. Antioxidants 


Treatment of abacterial prostatovesiculitis with non-steroidal anti-inflammatory drugs (NSAIDs) for 2 months 


followed by carnitine (antioxidant) for another period of 2 months led to reduction of leukocytospermia and 


improvement of sperm motility, presumably through reduction of ROS. 


4. Antihistamines 


Ketotifen (an anti-histamine-like drug) 1mg twice daily was used by infertile men for 1 month and reported 


reduction of WBCs from 5x10° WBCs/mL to 0 WBCs/ml with improvement of sperm motility and morphology 


but not sperm count. Ketotifen inhibits WBC degranulation and the release of inflammatory mediators. 


CHAPTER 11 
INFERTILITY DUE TO ENVIRONMENTAL GONADOTOXINS 


Potential adverse effects on spermatogenesis 


Environmental agents can adversely affect sperm either during spermatogenesis or during their journey 
in the male and female genital tract. Indeed, this may explain why huge numbers of sperm are produced 
(around 2 x 10° per day and 2 x 10” in a lifetime), while only one is required for fertilizing an ovum. 
Broadly, three different toxic effects are possible: cell death, sub-lethal cell damage or genetic change. 
Cell death has 2 types: 

o Necrosis, an uncontrolled lysis and non-specific spilling of cellular contents. 

o Apoptosis, a physiological process of programmed cell death whereby a doomed cell breaks down 
into smaller, apoptotic bodies that are then phagocytosed by Sertoli cells without collateral damage 
to adjacent cells. It is well established that apoptosis is a major mechanism of action of testicular 
toxins. Likewise, apoptosis is an important response to adverse physiological conditions in the testis 
such as gonadotropin deprivation and heat exposure. The pathways by which apoptosis may be 
induced lead to the activation of members of a family of proteases called caspases. Caspases 
degrade the cellular components and cause the transformation of the cell into apoptotic bodies that 
can be phagocytosed by neighboring Sertoli cells. 


Targets for toxicity 


Testicular function, including androgen secretion and the production of fertile spermatozoa, can be 


adversely affected by pre-testicular, testicular ad post-testicular mechanisms. 


1. Pre-testicular targets for toxicity 


Testicular function is regulated by the pituitary hormones FSH and LH and toxicity that disturbs this level 
of control is considered to be pre-testicular. This includes occupational exposure to sex steroids such as 
estrogens, which, if absorbed sufficiently, can inhibit pituitary gonadotropin secretion resulting in semen 
abnormalities, sexual dysfunction, gynaecomastia and hypogonadotropic hypogonadism. 

Examples reported include populations such as men working in the industrial manufacture of synthetic 
contraceptive estrogens or handling large quantities of a non-steroidal estrogenic chemical. 


. Testicular targets for toxicity 


Direct testicular toxicity may affect any of the various cell types within the testis including Leydig, Sertoli 
and germ cells. Direct toxicity to Sertoli cells should have marked effects on sperm production and 
function. Three classes of industrial chemicals have been implicated as Sertoli cell-specific toxicants: 
Plasticizers, intermediate chemicals for production of dyes and explosives and solvents. 

The best established evidence for direct toxicity to spermatogonia are ionizing irradiation and alkylating 
agents. 

Spermatogonial sub-types differ in sensitivity to cytotoxins, leading to important implications for 
recovery from toxicity. For example the Ao, or non-proliferating, spermatogonia constitute the germinal 
stem cell population, destruction of which leads to irreversible soermatogenic damage. 

Examples of stem-cell toxins include MOPP combination chemotherapy in men treated for Hodgkin 
disease, which exhibit essentially irreversible spermatogenic damage presumably due to A, 
spermatogonia ablation. 
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In contrast, proliferating spermatogonia, though even more sensitive to such cytotoxic effects, can be 
replaced from stem cell reserves that are activated by the depletion of these dividing cell populations. 
Thus, spermatogenic damage from selective toxicity to proliferating spermatogonia can lead to complete, 
but temporary, loss of spermatogenesis, although its reversal through stem-cell replenishment may take 
years. Furthermore, non-lethal germ cell damage may induce genetic mutations in stem-cell DNA, which 
can lead to persistent genetic changes in sperm formed subsequently. 


3. Post-testicular targets for toxicity 


2. 


In contrast to testicular toxicity, post-testicular toxic effects on sperm after leaving the rete testis appear 
relatively uncommon. 

Cyclophosphamide can induce mutagenic lesions in maturing sperm that result in pre-implantation 
losses following fertilization. 

The neuro-musculature of the epididymis can be affected by adrenolytic drugs such as guanethidine or 
methoxamine that lead to stasis of sperm in the epididymis, which may even swell and rupture as a 
result. Conversely, sperm transport through the epididymis may also be accelerated, resulting in 
ejaculates containing fewer or immature sperm. 


Environmental gonadotoxins 
lonizing radiation 
lonizing radiation is the best studied and among the first agents to be known to have anti-spermatogenic 
effects in humans. Detailed studies demonstrated clear dose-dependent and reversible damage to 
spermatogenesis. 
Direct damage to proliferating spermatogonia was the most sensitive element, leading to depression in 
sperm output from as little as 20cGy and azoospermia above 75 cGy doses. Higher doses caused delay in 
recovery of sperm output, which was proportional to dose. Beyond 400 cGy the spermatogenic damage 
persisted for up to 5 years and may have been irreversible, consistent with stem cell killing. 
Among germ cells that survive irradiation, mini-satellite mutations and chromosomal damage can be 
observed. These can lead to cell death, repair or to transmission of cytogenetic alterations. 
Effects on the quality of the sperm may also occur. Workers involved in the clean-up operation following 
the accident at Chernobyl were reported to show reduced sperm motility and elevated levels of 
ultrastructural defects. 
Anti-cancer therapies 


Exposures to X-radiation and cytotoxic mutagens are central to the treatment of malignancy. Collateral to 


their cell-killing therapeutic effects, surviving cells theoretically accumulate genetic damage, especially in 


germinal stem cells, which could lead to transmission of mutations and/or malformations. 
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Pesticides 

The nematocide dibromochloropropane (DBCP) was widely used for pest control in banana and other 
plantations during the 1970s until crop sprayers were discovered to be infertile. 

DBCP caused testicular damage manifested by oligozoospermia and azoospermia with increased blood 
FSH and LH levels, the degree of damage being proportional to duration of exposure. Subsequent follow- 
up demonstrated recovery only in some of the heavily exposed men with the remainder believed to have 
irreversible damage. 

Despite bans on its use in many countries, DBCP is still in use in the developing world. 
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Complex organo-chlorine Compounds 

Thev include diverse chemicals widelv distributed throughout the environment and have been suspected 
of causing reproductive toxicitv. 

Manv are teratogens and can have verv weak hormonal properties as estrogens, anti-estrogens or anti- 
androgens. Those with estrogenic activitv have been termed xenoestrogens but there is also concern 
over the role of anti-androgens, which mav have analogous effects. 

Prenatal exposure to xenoestrogens has been proposed to inhibit fetal testicular development, therebv 
leading to reduced sperm production and impaired male fertilitv. 

There is no evidence that prenatal estrogen exposure had deleterious effects on the human male 
reproductive tract. 

Smoking 

Inhaled cigarette smoke contains manv hazardous compounds, some of which (such as acrolein) are 
reproductive toxins. Furthermore, it can induce oxidative damage to macromolecules that is detectable 
in the testis. 

Most of the few scientificallv valid studies have demonstrated some reduction in sperm output and 
motilitv or genetic damage. 

Of growing concern is the recognition that smoking can cause DNA damage in sperm as chromatin 
disturbances, sperm DNA adducts, DNA adducts in the embrvo, disomv (having an extra chromosome in 
the haploid state) and mini-satellite mutations. 

Genetic damage in sperm is widelv considered to be a contributorv factor to failure of assisted 
conception techniques. Therefore, it is perhaps unsurprising that smoking has been found to affect 
adverselv, success rates achieved with IVF and ICSI. 

However, parental smoking mav also be able to induce effects bv other mechanisms because decreases 
in semen quality and testis size as well as increases in cryptorchidism have been reported in men whose 
mothers smoked during pregnancy. 

Life style factors 

The increasing use of cell phones has led to growing concerns that the electromagnetic waves emitted 
have harmful effects on fertility. 

In-vitro and in-vivo observational studies have supported a dose-dependent decrease in sperm density, 
motility, viability, and morphology. Whether these effects are clinically significant, or if they occur by a 
heat-related or electromagnetic wave-specific mechanism, remains unclear. 

Testicular hyperthermia 

Hyperthermia has been shown to impair spermatogenesis and negatively impact male fertility. 
Hyperthermia as a result of endogenous stressors such as high fever or exogenous heat may impair 
sperm density, motility, and morphology. Laptop computers have been inconclusively demonstrated to 
impair fertility. Wet heat from hot-tubs, Jacuzzis, or baths may cause a decline in semen. Long distance 
driving (> 3h per day) can cause scrotal heating and depression of spermatogenesis. 

In a study of the recovery of semen quality after wet hyperthermia, semen parameters recovered in 
about half of patients after discontinuation of the hyperthermic exposure. 

Alcohol and illicit drugs 

Heavy consumption of alcohol over time often results in erectile dysfunction, decreased libido, and 
gynecomastia. 


It is thought that alcohol exerts effects on the HPG axis, resulting in testicular dysfunction. In addition, 
peripheral aromatization of testosterone is responsible for the estrogenic effects of alcohol. These 
hormonal alterations lead to decreases in sperm density and motility. 

Alcohol reduces antioxidant levels in the body, resulting in increased oxidative stress. Elevated reactive 
oxygen species are associated with impairments in sperm motility. 

There is no evidence that light consumption of alcohol affects fertility. 

Marijuana decreases sperm density, motility, and morphology. 

Opiates cause decreased libido and erectile dysfunction. Opiates suppress the secretion of GnRH, 
resulting in decreased circulating LH and lower testosterone levels. 
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CHAPTER 12 
IATROGENIC MALE INFERTILITV 


latrogenic causes of male fertilitv are suspected when the abnormal spermatozoa are considered to stem 


from medical or surgical causes. This diagnosis requires the following to be true: 


e History of medical treatment with possible adverse effect on fertility. 
e And/or history of surgery with possible adverse effect on fertility. 


Drugs 


1. Chemotherapy 


Impairment of spermatogenesis by substances with direct anti-proliferating effects on the germinal 
epithelium is caused by alkylating substances such as cyclophosphamide and chlorambucil and after 
cytostatic treatment with cisplatin and adriamycin as well as methotrexate and vincristine or bleomycin. 
Type B spermatogonia are most sensitive to the effects of chemotherapy, since they proliferative most 
actively. 

If type A spermatogonia, the spermatogenic stem cells, are impaired, permanent sterility can be 
expected. 

On the other hand, Leydig cells and to a lesser extent Sertoli cells, which do not proliferate in adults, are 
less susceptible to chemotherapeutic agents and radiation. Functional damage may occur, however, 
resulting in decreased inhibin release and secondarily elevated FSH and LH. 

The ability to recover spermatogenesis depends on the type of chemotherapeutic agent. Alkylating 
agents such as cyclophosphamide, chlorambucil, busulfan and carmustine are the most gonadotoxic and 
have a poor prognosis regarding recovery of spermatogenesis. Other agents as vinblastine, cytabarine, 
methotrexate and prednisone have a good prognosis. 

Patients may recover spermatogenesis to varying degrees after chemotherapy. Even patients with 
azoospermia may have foci of spermatogenesis in their testis. Paternity in these patients has been 
possible with ART as IUI and IVF. Testicular sperm extraction (TESE) and micro-dissection TESE may be 
used to extract sperm. 

Patients able to conceive naturally are advised to wait a minimum of 1-2 years post-chemotherapy or 
radiation due to the risk of chromosomal or congenital anomalies after treatment with cytotoxic agents. 
All newly diagnosed cancer patients should be offered cryopreservation, since testicular recovery may 
not occur after chemotherapy or radiation. 


2. Hormones and hormone antagonists 


Hormonal active drugs influence spermatogenesis indirectly by inhibition of the gonadotropic functions 
of the pituitary. 

Impairment of spermatogenesis is possible by oestrogens, gestagens, androgens, anabolics, 
antiandrogens, luteinizing hormone releasing hormone (LHRH), gonadotropin releasing hormone (GnRH) 
(super) agonists or antagonists and glucocorticoids. 

Drugs may interfere with androgen production by different mechanisms, for example: 

o A decrease in LH production by opiates. 

o Blockage of enzymes for steroid production by aminoglutethimide. 

o An increase in testosterone metabolism by barbiturates, anticonvulsives. 
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o Blockage of the effects of testosterone by androgen receptor antagonists such as cimetidine, 
spironolactone, cyproterone acetate. 
o Drugs causing hyperprolactinemia e.g. major tranquillizers and antipsychotic medications. 

e Exogenous testosterone therapy and the use of androgenic anabolic steroids impair spermatogenesis 
and reduce intratesticular testosterone. Recoverability of endogenous testosterone production after 
cessation of exogenous androgens may be achieved using hCG therapy. 

e In bodybuilders who have taken anabolic steroids at doses exceeding those generally applied for clinical 
purposes by up to 40-fold, recovery of sperm numbers into the normal range may vary considerably 
after stopping the steroids. Time intervals between 4 and 12 months are reported. 


3. Other drugs(Table 12.1) 


Table 12.1 Mechanism of action of some drugs causing male infertility 


1. Blocking sperm-egg interaction Nifedipine, Colchicine 
2. Decline of sperm motility Macrolides,Nitrofurantoin,Tetracvclines,Gentamvcin,Propranolol 
3. inhibition of spermatogenesis Tricyclic antidepressants, Antiemetics, Antiepileptics 


4. Affecting sperm transport Antihypertensive, Psychotropics 
by inhibition of the emission 

of the ejaculatory reflex 

5. Interference with Calcium channel blockers 

the acrosome reaction 


Surgery 

e There may be temporary depression of fertility, which may last for 3-6 months after any surgical 
procedure, particularly after general anaesthesia has been administered. 

e Testicular biopsy may result in a temporary suppression of spermatogenesis. Unsuccessful operations 
such as herniotomies or corrections of testicular mal-descent may result in damage to the vas deferens 
and testis, respectively, with subsequent loss of testicular function. 

e latrogenic obstructions may be provoked by herniotomies (particularly during infancy) or surgical 
procedures at the ejaculatory ducts or vasographs of the vas deferens using irritating contrast media. 

e Hernia repair may additionally result in an immunological reaction with production of anti-sperm 
antibodies. This may also occur after hydrocelectomy or any other genital or inguinal surgery. 

e Vasectomy is the most common cause of surgical obstruction and also results in production of antisperm 
antibodies. 

e Aspermia may be caused by disturbances of the function of the bladder neck after transurethral 
prostatectomy, treatment of urethral valves in infancy, bladder neck incision for outflow obstruction, 
lumbar sympathectomy, retroperitoneal lymph-adenectomy as well as abdomeno-perineal surgery. 


Irradiation 
Irradiation in the genital region will most probably cause irreversible arrest of spermatogenesis with sub- 
sequent sterility. An organ dosage of 3 Gy, which usually is achieved by irradiation of the inguinal region or 
the contralateral testicle, is lethal for spermatogenesis or leads at least temporarily to extensive suppression 
of spermatogenesis. 


Clinical and laboratory findings of iatrogenic infertility 
e History taking should reveal medical or surgical treatment with possible negative influences on fertility. 
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In patients with a historv of gonadotoxic chemotherapv for reasons other than testicular cancer, 
testicular volume and consistencv usuallv are normal; in patients with testicular cancer in their historv, 
the testicle being left after operation mav either be normal or mav reveal a smaller volume in cases with 
a history of cryptorchidism. 

In patients treated with hormonally active compounds, testicular atrophy, gynaecomastia or skin 
alterations such as acne may be observed. In patients presenting with a history of vasectomy, the 
epididymis may be enlarged. 

There may be a large variability of semen parameters ranging from azoospermia after chemotherapy 
with alkylating substances or after irradiation to severe oligoasthenoteratozoospermia and only minor 
aberrations in patients, for example after treatment with drugs affecting only sperm motility. In cases of 
sperm transport disturbances with complete retrograde ejaculation, aspermia will be observed with 
spermatozoa present only in the postejaculatory urine. 

The biochemical marker substance alfa-glucosidase will be markedly decreased after procedures causing 
obstruction (vasectomy or failed hernia repair). 

After operations for testicular torsions and refertilization after vasectomy, frequently antisperm anti- 
bodies, as reflected by a positive MAR test, and agglutinations of spermatozoa in combination with low 
sperm motility and vitality are observed. 

Elevated levels of FSH and decreased concentrations of inhibin-B may occur after orchidectomy due to 
testicular cancer and after chemotherapy as well as after irradiation. 

In patients with epilepsy, frequently low testosterone levels are observed, which is deteriorated by anti- 
epileptic drugs; these also may lead to impaired sperm motility and morphology. Low testosterone 
concentrations can also be caused by other drugs interfering with the testosterone metabolism. 

In patients with a history of vasectomy, antisperm antibodies are also detected in the serum. 


Treatment 


Toxic medication should be replaced with an alternative treatment whenever possible. 

In vasectomized patients, a microsurgical reversal is recommended. If vasectomy reversal fails, 
treatment as idiopathic azoospermia or oligoasthenozoospermia is indicated, but genetic evaluation may 
be omitted. If toxic medication cannot be replaced or if there is no restoration of normal fertility, 
treatment as idiopathic abnormality according to semen quality should be given. 

Microsurgical vasovasostomy is the most frequently performed procedure for refertilization. Usually 
patency rates of about 90% are achieved, the pregnancy rates are partly dependent on the interval 
between vasectomy and vasovasostomy, pregnancy rates of 49% are reported after an obstruction 
interval of 15- 19 years, and spouses of men with obstruction for 20-25 years had pregnancy rates of 
33%. Refertilization after childhood herniorrhaphy achieves patency rates of 44 % and pregnancy rates 
of 36%. 


Prognosis 


Alkylating substances such as cyclophosphamide lead to mostly irreversible azoospermia. 

Recovery of spermatogenesis has been observed after treatment with cisplatin, Adriamycin, 
methotrexate, vincristine or bleomycin. 

ASA due to vasectomy persist after the repair operation and may hinder natural conception. Therefore, 
methods of assisted fertilization may be necessary in a considerable percentage of couples after 
successful refertilization surgery. 
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CHAPTER 13 
PRIMARV TESTICULAR INFERTILITV 


Anorchia 
Unilateral or bilateral absence of testicular tissue in genetic males is called anorchia. 
Anorchia has to be differentiated from partial or complete testicular atrophy, e.g. following 
torsion or orchitis, where, at least histologically, degenerated remains of a male gonad can be 
found. 
Anorchia can be congenital or acquired. 


1. Congenital Anorchia 
Bilateral congenital anorchia occurs only in one of 20,000 males. Unilateral congenital 
anorchia is about four times as frequent. Currently intrauterine torsion is favored as the most 
probable cause. 
Subjects with bilateral congenital anorchia, in whom the testes had produced Anti-Millerian 
hormone but no testosterone, present with the phenotype of male pseudo-hermaphroditism 
including female external genitalia. Neither gonads nor derivatives of the Millerian ducts 
(oviducts, uterus, upper vagina) nor the Wolffian ducts epididymis, ductus deferens, seminal 
vesicles) can be found. 
If the testes have produced testosterone during embryonal development, the external 
genitalia are male and the Wolffian duct derivatives are developed. 
A small penis may indicate diminished androgen-dependent growth during fetal development 
If left untreated, pubertal development will not start in patients with bilateral congenital 
anorchia and the typical phenotype of eunuchoidism develops. 


Diagnosis 


FSH and LH serum levels may already be elevated in children and rise to castrate levels from 
the age of puberty onwards. In contrast, testosterone is very low. 

For a differential diagnosis cryptorchidism must be ruled out. The hCG-test is used for differen- 
tiation. While a rise in serum testosterone can be measured in patients with cryptorchidism, 
the values remain low even after a 7-day period of stimulation in patients with bilateral 
anorchia. 

In addition, AMH, which is lacking in anorchia, should be measured since it shows a higher 
sensitivity, but equal specificity compared to testosterone. 

In cases with suspected unilateral anorchia the absence of gonadal tissue must be ascertained 
by imaging diagnostic procedures (sonography, CT, MRI) and if necessary by exploratory 
surgery / laparoscopy, since non-descended gonads have a high rate of malignant 
degeneration. 


Therapy 


In phenotypically male patients with bilateral congenital anorchia testosterone substitution 
has to be implemented at the time of expected puberty. 

In phenotypically female patients estrogen substitution will be started. 

Intersexual external genitalia may be corrected by plastic surgery. 
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Infertilitv in bilateral anorchia cannot be treated. 


2. Acquired anorchia (Castration) 
Testes can be lost due to trauma, tumors, severe inflammation, torsion, surgical accidents 
(e.g., during herniotomv or orchiopexv) or surgical removal (e.g. because of a testosterone- 
dependent tumor such as prostate carcinoma). 
The loss of one testis will be compensated for bv the remaining testis if it is normal concerning 
fertility and testosterone production, and therapy will not be necessary. 
The clinical symptoms of bilateral testicular loss depend on the time when testicular function 
is lost. Before puberty, testicular loss leads to the characteristic phenotype of eunuchoidism; 
after puberty it will lead to the phenotype of postpubertal testosterone deficiency. 
When both testes are lost, testosterone must be permanently substituted from the time of the 
expected beginning of puberty in order to induce pubertal development and in an adult 
immediately after testicular loss to maintain the various androgen-dependant functions. 


Epididymo-orchitis 


Aetiology 


Isolated inflammation of the testis (orchitis) is extremely rare and usually occurs in association 
with an inflammation of the epididymis (epididymo-orchitis). 

Viral orchitis is most frequent. Mumps virus, Coxsackie virus, varicella-zoster virus and various 
similar viruses can cause damage to the testes. The testes may become affected in cases of 
nephritis, prostatitis, vesiculitis or epididymitis caused by gonococci or unspecific bacteria, 
usually chlamydia. 


Clinical Picture of mumps orchitis 


It is caused by Paramyxovirus. 

When mumps occurs after puberty orchitis develops in about 25% of patients; in about one 
third of these cases both testes are afflicted. 

Usually, orchitis develops after parotitis occurs, but may also precede it. Testicular 
involvement is subclinical in 30-40% of cases. Orchitis is bilateral in approximately 30% of 
affected patients. 

The acute phase of infection is accompanied by painful testicular swelling, fever and 
generalized symptoms occurring 4-6 days after the onset of parotitis. Increased intra-testicular 
pressure, resulting ischemia or the virus itself may lead to irreversible damage of 
spermatogenesis. 

Historical data reveal associated infertility rates of 25% in bilateral disease, but this problem is 
uncommon today due to the advent of the mumps vaccine. Testicular atrophy is observed in 
30-50% of patients with mumps orchitis, and infertility may be an associated long-term 
consequence. 


Therapy 


Vaccination against mumps in childhood may prevent orchitis as a complication ensuing from 
the infection. 
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Only symptomatic treatment is possible in acute viral orchitis and consists of elevating and 
cooling the scrotum and administering 60mg prednisone daily for about 10 days followed by 
gradually decreasing doses. 

In addition, anti-inflammatory, antiphlogistic and antipyretic drugs may be useful adjunctive 
therapy. This usually produces rapid reduction of swelling and relief from pain. 

Bacterial orchitis is treated according to antibiotic sensitivity results from bacteria cultured 
from the ejaculate. 

There is no therapy for disturbed testicular function following orchitis which is directed at 
improving semen parameters. Only methods of assisted reproduction may be considered. 
Even in azoospermic patients an attempt with TESE may be warranted as focal sper- 
matogenesis may still be present. Any resulting androgen deficiency must he substituted with 
testosterone. 


Sertoli-cell-only syndrome (SCO syndrome) (Germ cell aplasia) 


Pathophysiology 


SCO is a characteristic histopathologic picture which can be caused by different endogenous 
and exogenous factors. 

In complete germ cell aplasia the tubules, which are reduced in diameter contain only Sertoli 
cells and no other cells involved in spermatogenesis. 

In the more frequent focal SCO syndrome a variable percentage of tubules contain germ cells, 
but in these tubules spermatogenesis is often limited in both quantitative and qualitative 
terms. The SCO syndrome is the most frequent cause of non-obstructive azoospermia. 

About 30% of infertile patients in whom testicular biopsies were performed present with focal 
or complete SCO syndrome. Eight percent of this group suffer from bilateral SCO syndrome. In 
view of the possibility of retrieving sperm from testicular tissue to be used in techniques of 
assisted reproduction (TESE), the question arises how representative a testicular biopsy is. 
Under all circumstances the biopsied tissue must be screened most scrupulously before a firm 
diagnosis of complete SCO can be established. 

Testosterone production in the Leydig cells is usually undisturbed so that patients are usually 
normally androgenized and only infertility prompts them to seek medical advice. 


Types 
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Congenital: In congenital germ cell aplasia for some unexplained reason the germ cells do not 
migrate into or survive in the epithelium of the tubule. Microdeletions of the V chromosome 
represent an important genetic cause of the SCO svndrome. 

Acquired: The svndrome of germ cell aplasia can also be acquired, being caused bv severe 
endogenous and exogenous damage, such as mal-descended testes, irradiation, cvtostatic 
drugs and viral infections and thus represents the testicular reaction to severe damage. 


Clinical picture and diagnosis 


Patients with the complete form of germ cell aplasia are alwavs azoospermic; the focal SCO 
svndrome is characterized bv oligoasthenoteratozoospermia of varving degrees. 

In such cases elongated spermatids mav be found in the biopsv which are suitable for 
TESE/ICSI. 
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e Usually testicular volume is reduced; hut may be in the lower normal range. 

e FSH is generally elevated, with serum levels correlating positively with the degree of severity 
of germ cell aplasia. 

e Diagnosis can only be made by testicular biopsy, which should discriminate between total and 
focal SCO syndrome in view of ICSI. A testicular biopsy should therefore be planned as a 
diagnostic-therapeutic procedure including the possibility of TESE. 


Therapy 

There is no therapy for complete SCO syndrome leading to improvement of spermatogenesis. Nor 
can current knowledge increase the number of sperm produced by any residual functions. 
Therefore, in most cases ICSI possibly combined with TESE provides symptomatic therapy. 


Spermatogenic Arrest 

Pathophysiology 

e Spermatogenic arrest is the interruption of germ cell maturation leading from spermatogonia 
to sperm. 

e Like the SCO syndrome, spermatogenic arrest is a histopathological phenomenon with many 
possible causes. 

e Spermatogenic arrest can occur at the level of spermatogonia, primary or secondary 
spermatocytes or round spermatids. One third of patients with fertility disturbances show 
bilateral sperm arrest 

e The causes may be: 

e Genetic reasons which occur in trisomy, in balanced-autosomal anomalies (translocations, 
inversions) or in deletions in the Y chromosome (Vq11). 

e Acquired factors such as toxic causes (radiotherapy, chemotherapy, antibiotics), heat or 
general diseases (liver or kidney insufficiency, sickle cell anemia). 


Clinical Picture 

Patients with complete arrest of spermatogenesis are azoospermic. In cases of partial arrest 
varying degrees of oligoasthenoteratozoospermia occur, but sperm production may be so low that 
azoospermia occurs and sperm can only be extracted from testicular tissue (TESE). 


Diagnosis 

A definite diagnosis can only be made by testicular biopsy. Azoospermia and severe 
oligoasthenoteratozoospermia with normal FSH serum values and normal testicular volume 
require a testicular biopsy to distinguish arrest from obstruction of the excurrent ducts. 


Therapy 

e There is no known therapy for spermatogenic arrest. Attempts to increase sperm production 
have not been successful. 

e The application of techniques of assisted reproduction as in SCO syndrome is also relevant 
here. 

e Initial success in culturing spermatogenetic cells in vitro gives hope that one day 
spermatogenetic arrest may be overcome in patients by in vitro spermatogenesis. 
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CHAPTER 14 


MALE INFERTILITV DUE TO SPECIAL SEMEN ABNORMALITIES 


Abnormalities of seminal plasma with normal spermatozoa 


Definition 


The diagnostic classification of normal spermatozoa and isolated seminal plasma abnormalities is given when 


sperm concentration, sperm motility and sperm morphology are better than the reference values for fertile 


men, but there are abnormalities in the physical, biochemical or bacteriological composition of the seminal 


plasma, an increased number of white blood cells, or agglutination with a negative test for antisperm 


antibodies. 


Aetiology and pathogenesis 


Seminal plasma is composed of the secretion products of the accessory sex glands: mainly the seminal 
vesicles and the prostate. 

During normal ejaculation, the fluids from the prostate and epididymis are expelled first. The second 
fraction contains the secretions of the seminal vesicles. 

It is coagulated, has an alkaline pH and the normal volume varies between 1.0 and 5.0 ml. In vitro, the 
coagulum is liquefied after approximately 30 min thanks to the enzymatic activity of the prostate- 
specific antigen (PSA). 

Inadequate secretion by the accessory sex glands, in quantity and/or in quality, will result in abnormal 
ejaculate volume (less than 1.5-2 ml or more than 6 ml), and/or abnormal seminal pH, and/or poor or 
absent liquefaction. 

Normal seminal plasma is relatively clear. It may become cloudy due to the presence of mucous streaks 
or an increased number of white blood cells. 

Poor liquefaction occurs in case of decreased secretion of PSA by the prostate. These abnormalities may 
impair the transition of spermatozoa, which are normal in number, motility and morphology, from the 
semen into the cervical mucus, decreasing the probability of conception. 

Also, the osmolarity of the seminal plasma may be abnormal, decreasing the longevity of the 
spermatozoa and inducing curling of the sperm tails. 

There is some evidence suggesting that abnormal seminal plasma may impair sperm function and 
chromatin stability because of the inadequate amount of substances such as zinc or calcium. Also, the 
secretions of the epididymis and the prostate are the major source of antioxidants in semen. Impaired 
epididymal function may be associated with decreased antioxidant capacity of the seminal plasma, 
causing an imbalance between oxidative stress and antioxidant protection. This then will damage both 
the sperm membrane and the DNA composition. 


Clinical and laboratory findings 


History taking may reveal an episode of infection of the urinary tract that has disappeared either 
spontaneously or after treatment. Some patients report decreased orgasmic feeling or may have 
observed either a decreased volume or abnormal appearance of the ejaculate. 

The epididymis may be enlarged or nodular upon palpation, or painful in case of current inflammation. 
Usually testicular volume and consistency are normal. 

Echography of the pelvic organs may reveal signs of past infection of the prostate, or abnormal 
appearance of the seminal vesicles. 
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Analysis of blood, including tests for infection and hormone measurements are normal. There should be 
no antisperm antibodies in serum. 

Urine analysis may reveal signs of inflammation of the urinary tract, and the urine obtained after 
massage of the prostate may contain an increased number of white blood cells. 

Upon semen analysis, the concentration, motility and morphology of spermatozoa must be better than 
the reference values. Obviously and by definition, the seminal plasma must be abnormal from the 
physical, biochemical or bacteriological point of view, or contain an increased number of white blood 
cells, or spermatozoa may present agglutination. A test for the detection of antibodies attached to the 
spermatozoa must be performed, and should be negative. 

In order to assess the importance of the isolated seminal plasma abnormality as a cause of the couple's 
infertility, an in vivo test of semen-cervical mucus interaction is recommended, namely the postcoital 
test. If the result of this test is normal, the isolated seminal plasma abnormalities are considered not to 
be the cause of the infertility. Nonetheless, the functional capacity of the spermatozoa may be impaired 
due to oxidative stress, and treatment with food supplements is suggested to counteract this. If, by 
contrast, the postcoital test is abnormal (poor or negative after repeated performance), the isolated 
abnormality of the seminal plasma may be relevant for the infertility problem, and treatment by means 
of intrauterine insemination may be indicated. 


Differential diagnosis 


Abnormal seminal plasma may occur in combination with abnormal spermatozoa in diseases such as male 


accessory gland infection, varicocele, or endocrine cause. The diagnosis of isolated seminal plasma 


abnormalities is not applicable in these cases, since this requires spermatozoa to be normal. Also, 


immunological infertility must be excluded by means of a test detecting the presence of antisperm 


antibodies on the spermatozoa. 


Treatment 


It is not possible to correct an abnormality of the seminal plasma, since it is commonly related to a 
permanently inadequate function and secretion of the accessory sex glands. 

If spermatozoa are normal, and the postcoital test is abnormal, insemination should be recommended. 
For optimal results, artificial insemination is performed within 5-6 h after ovulation, which requires 
careful monitoring of the cycle, possibly associated with induction of ovulation by means of human 
chorionic gonadotrophin. 

Intrauterine insemination may be preferable, but intra-cervical insemination can be considered as well. 
There is no advantage to inducing hyper-ovulation, since this will increase the risk of multiple 
pregnancies, without increasing the clinical pregnancy rate. 

Giving the male patient a combination of antioxidants in the form of a food supplement will reduce the 
oxidative damage to the spermatozoa. This improves their functional capacity, increases the induced 
acrosome reaction, improves the rate of sperm-oocvte fusion, and increases the probability of successful 
pregnancy. 


Results of treatment 


Provided there is no demonstrable abnormality in the female partner or a possible abnormality has been 
corrected, the result of the treatment described above is excellent. 

In cases with abnormal postcoital test, more than 75% of couples attain normal pregnancy upon the first 
insemination cycle. Up to 90% of couples are successful within three cycles of insemination. Some cases 
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with normal postcoital test mav also benefit from insemination and food supplementation of the male 
partner. 

If insemination remains unsuccessful, in vitro fertilization with ICSI may be indicated, and will have the 
success rate that is typical for this treatment. 


Oligo-astheno-terato-zoospermia with no demonstrable cause (Idiopathic 0-A-T) 


Definition of the disease 


The diagnosis of idiopathic oligo-zoospermia is given in men with sperm concentration lower than 15 
million/ml, and in whom no other diagnosis is applicable. 

Idiopathic asthenozoospermia is accepted if sperm concentration is higher than 15 million/ml, but sperm 
motility is below the reference values, and no other diagnosis is applicable. 

Idiopathic teratozoospermia means that sperm concentration and motility are better than the reference 
values, but the proportion of spermatozoa with normal morphology is below the reference value. 
Idiopathic cryptozoospermia is diagnosed in patients with extremely low sperm concentration, where no 
spermatozoa are seen in the fresh sample, but a few spermatozoa are recovered from the sediment 
after centrifugation, and none of the other diagnoses is applicable. The term "idiopathic" may only be 
used if careful history taking, clinical examination and technical investigations have failed to detect any 
of the causal factors. It describes a condition diagnosed on the basis of exclusion criteria. 


Aetiology and pathogenesis 


By definition, there is no known aetiological factor explaining the abnormal quality of the spermatozoa. 
Several hypotheses have been developed, some of which have been supported by indirect evidence. It 
has been postulated that some patients with idiopathic oligozoospermia may suffer from unexplained 
partial obstruction of sperm transport at the level of the epididymis. However, the majority of the latter 
patients have a history of accessory gland infection, or previous hernia repair, or 
cryptorchidism. 

Also, partial obstruction has been associated with chronic sinopulmonary infections in Young's syndrome. 
Other cases present abnormalities at the level of the rete testis that can be revealed by careful 
echography. Typically, the structures of the rete appear distended, possibly as a result of a defective 
embryonic development. 

Nutritional factors include inappropriate calorie intake with, seldom, severe underweight (BMI < 19) or, 
more commonly, overweight (BMI >25) or obesity (BMI > 30). These conditions are associated with lower 
testicular volume.Excessive production of endogenous oestrogens by increased aromatase activity in fat 
tissue, or relatively high nutritional intake of oestrogen-like hormone disrupters or heavy metals 
originating from the environment or the workplace, are associated with idiopathic oligozoospermia. 


Clinical findings 


History taking usually does not reveal any relevant data. 

Upon physical examination, obesity may be found, and commonly testicular volume and palpation of the 
scrotal content are not easily noticed. 

Routine blood and urine analysis do not show any abnormalities, but testosterone may be in the lower 
range of normal, and LH is not elevated. In spite of a low sperm concentration, serum FSH is usually not 
increased and serum inhibin B may be normal. 
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Differential diagnosis 


It is of utmost importance to exclude all possible causal factors, since the diagnosis of idiopathic sperm defi- 


ciency is - by definition - only applicable if no other factor can be detected. Special attention must be paid to 


excluding small or subclinical varicoceles and subtle congenital as well as genetic factors. 


Treatment 


Treatment should aim at correcting nutritional habits and other factors such as smoking, taking hot 
baths, abusing alcohol, and a sedentary lifestyle. Counseling may be considered to relieve stress. The 
regular intake of a nutritional supplement containing flaxseed oil and antioxidants was demonstrated to 
be helpful. 

If, in spite of these measures, sperm morphology remains extremely poor (less than 3%-4% spermatozoa 
with normal morphology), IVF using the small drop technique or complemented by ICSI is the best option 
to resolve the fertility problem. If, in contrast, sperm morphology is better than 4% normal forms, a 
treatment with the anti-oestrogen tamoxifen 20 mg/day is indicated in patients with serum levels of LH 
and FSH that are not elevated. 

An androgen may be added to the tamoxifen intake, but this may not be necessary in cases where the 
endogenous testosterone concentration significantly increases during tamoxifen intake. 

In general, tamoxifen treatment more than doubles sperm concentration, and improves sperm motility, 
but it has little effect on sperm morphology. Treatment must be given for at least 6 months in order to 
exert its full effect. After a sufficient period of tamoxifen intake, when sperm characteristics have 
improved, intrauterine insemination may be added in order to increase the probability of conception 
and to shorten the time to pregnancy. If this treatment fails IVF and ICSI are indicated. 


Results of treatment 


Assisted reproductive technology with IVF possibly associated with ICSI results in a take-home baby rate 
of about 20% per attempt, and 35% after four attempts. Approximately 30%-35% of couples attain a 
spontaneous normal pregnancy within 6 months of treatment with tamoxifen, either or not combined 
with testosterone undecanoate. 

Three cycles of intrauterine insemination in cases with sperm characteristics exceeding the minimal 
requirements will produce normal pregnancies in between 40% and 50% of couples. Provided that 
ovarian hyper-stimulation is avoided, there is no increased prevalence of multiple pregnancies. 


Azoospermia 


Azoospermia is found in 10% of male infertility cases and is caused by a testicular insufficiency in the 


majority of patients. 


Definition 


Azoospermia is the total absence of spermatozoa in the ejaculate. 

Azoospermia should be distinguished from the absence of semen caused by ejaculatory disorders, such 
as anejaculation and retrograde ejaculation. 

The absence of spermatozoa must be confirmed by centrifugation of the semen at 3,000g for 15 min and 
microscopic examination of the pellet. 


Classification 


Azoospermia can be classified into obstructive and non-obstructive forms. 


I. Non-obstructive azoospermia 
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Non-obstructive azoospermia is characterized bv hvpergonadotropic hvpo-gonadism: bilateral small testes 
and elevated follicle-stimulating hormone (FSH) are found. Table 14.1 summarizes the most common causes 
of testicular failure leading to non-obstructive azoospermia. 


Table 14.1: Classification of nonobstructive azoospermia, based on the results of a testicular biopsv. 


1. Hvpospermatogenesis 
Idiopathic 
Crvptorchidism 
Drugs, cvtotoxic therapv 
Irradiation 
Svstemic illness 
Hvpogonadotropic hvpogonadism 
2. Maturation arrest 
Idiopathic (probablv genetic of origin) 
3. Germinal aplasia (Sertoli-cell-only syndrome) 
Idiopathic 
Cytotoxic therapy 
Irradiation 
Y chromosome microdeletions 
Other genetic disorders 
4. Seminiferous tubular sclerosis 
Klinefelter's syndrome 
Vascular injury/testicular torsion 
Viral (mumps) orchitis 


e For the definitive diagnosis of testicular failure, a testicular biopsy is needed. However, this procedure is 
performed only to exclude obstructive azoospermia, when physical examination and FSH are normal. 

e Since FSH feedback is determined by the function of the Sertoli cells, maturation arrest and even some 
form of Sertoli-cell-only syndrome can be present with normal FSH levels. 

e Non-obstructive azoospermia is also caused by hypo-gonadotropic hypogonadism, which is much less 
common than hypergonadotropic hypo-gonadism. 


Il. Obstructive azoospermia 

e Itis less frequent and occurs in 1596-2096 of men with azoospermia. 

e Men with obstructive azoospermia present with normal size testes and normal FSH. On examination, en- 
largement of the epididymis can be found and sometimes the vas deferens appears absent, due to 
congenital factors or previous inguinal or scrotal surgery. Although obstructions in primary infertile men 
are commonly present at the epididymal level, other sites of obstruction are the ejaculatory ducts and 
the vas deferens. In 25% of men with a suspected obstruction, no spermatozoa are found in the 
epididymis during scrotal exploration, indicating that there is an intratesticular obstruction. Common 
causes of obstructive azoospermia are summarized in table 14.2. 


Investigations (Fig.14.1) 
1. Semen Analysis 
Apart from ordinary analysis whch shows azoospermia, additional seminal tests are 
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e Alpha-glucosidase measurement: alpha-glucosidase is mainly produced by the epididymis and is 
significantly reduced in cases of epididymal obstruction. 

e Fructose test: fructose is produced by the seminal vesicles and is decreased in case of ejaculatory duct 
obstruction. 


Table 14.2: Classification of obstructive azoospermia on the site of obstruction. 


1. Epididymal obstruction 
Congenital forms Idiopathic epididymal obstruction 
Acquired forms Post-infective (epididymitis) 
Postsurgical (epididymal cysts) 
2. Vas deferens obstruction 
Congenital forms Congenital absence of the vas deferens 
Acquired forms Post-vasectomy 
Postsurgical (hernia, scrotal surgery) 
3. Ejaculatory duct obstruction 
Congenital forms Prostatic cysts (Millerian cysts) 
Acquired forms Postsurgical (bladder neck surgery) 
Post-infective 


2. Hormonal Investigations 
e Hormonal screening can be limited to determining FSH, LH and testosterone levels. In men diagnosed 
with azoospermia or extreme oligozoospermia, it is important to distinguish between obstructive and 
nonobstructive causes. 
e A criterion with reasonable predictive value for obstruction is a normal FSH with bilaterally a normal 
testicular volume. 
e Hvpergonadotropic hypogonadism (elevated FSH/LH) 
It is an isolated failure of spermatogenesis and generally not caused by a disruption of the endocrine system. 
The main causes are: 
o Congenital: Klinefelter syndrome, anorchia, enzyme defects in the androgen synthesis, 
cryptorchidism. 
o Acquired: after orchitis, testicular torsion, castration, cytotoxic therapy. 
e Hvpogonadotropic hypogonadism (low levels of FSH/LH) 
The main causes of low levels of gonadotrophins due to a dysfunction of the pituitary gland or hypothalamus 
are: 
o Congenital: isolated arrest of FSH and LH secretion (Kallmann's syndrome, accompanied by anosmia), 
isolated arrest of LH secretion (fertile eunuch), idiopathic hypopituitarism, delayed puberty. 
o Acquired: generally as an expression of a more complex disorder of the pituitary gland or hypo- 
thalamus, or iatrogenic [gonadotropin - releasing hormone (GnRH) agonists and anti-androgens]. 
In case hypogonadotropic hypogonadism is suspected, the medical examination should include an MRI scan 
of the pituitary gland. 


3. Microbiological Assessment 
An indication to carry out microbiological assessment may be abnormal urine samples, urinary tract infec- 
tions, male accessory gland infections (MAGIs) and sexually transmitted diseases (STDs). 
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4. Genetic Evaluation 


A substantial number of andrological fertilitv disorders, which used to be described as idiopathic male in- 
fertilitv, will in fact have a genetic origin. Bv carrving out an extensive familv historv and karvotvpe 
analysis, a number of these disorders can be detected. This will not only yield a diagnosis, but will also 
allow for appropriate genetic counseling. The latter may be very important with the advent of ICSI, since 
the fertility disorder and the possibly corresponding genetic defect may be transferred to the offspring. 
It is recommended that all men presenting with less than 1 million spermatozoa per milliliter, 
candidates for ICSI, should have at least a karyotyping performed. 

The most common sex chromosome abnormality is Klinefelter syndrome (47,XXY), which affects around 
10% of men diagnosed with azoospermia. 

In cases of azoospermia, the prevalence of Y deletions is considerable (around 5%). Identifying Y 
chromosome microdeletions means that the defect will be passed on to sons who will then also be 
infertile. 

When performing ICSI with surgically retrieved sperm based on the diagnosis of a congenital bilateral 
absence of the vas deferens (CBAVD), both the male and the female partners should be checked for 
mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene. 


AZOOSPERMIA 


Physical examination 
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OBSTRUCTIVE AZOOSPERMIA NONOBSTRUCTIVE AZOOSPERMIA 
Normal physical examination Testicular volume < 15 ml/testis 
Normal FSH Elevated FSH Low, FSH 


| Hypogonadotropic hypogonadism 


Treatment options: Treatment with FSH/hcG 


- Consider testicular sperm extraction for ICSI 


Epididymal/vasal obstruction Ejaculatory duct obstruction CBAVD 
Normal seminal volume Low seminal volume Low seminal volume 
Normal pH Normal pH pH < 7.0 
Testicular biopsy Consider TURED * Genetic screening (CFTR) 
Or sperm aspiration/ICSI MESA(PESAJ/ICSI 
Normal Abnormal 
TESE/ICSI 


Scrotal exploration 


Fig.14.1 Diagnostic work-up of azoospermia. 
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. Ultrasonography 

e When trying to locate intrascrotal defects, ultrasonography is a useful tool. 

e In case of epididymal obstruction, dilatation and cystic lesions of the epididymis and rete testis can be 
found. 

e The vas deferens can be identified easily with ultrasound. 

e Colour Doppler ultrasound of the scrotum can detect a varicocele in around 30% of infertile males. 

e Testicular tumours can be found in 0.5 % of infertile men and testicular micro-calcifications, a potentially 
premalignant condition, is detected in around 5% of infertile males, especially in patients diagnosed with 
a history of cryptorchidism. 

e A transrectal ultrasonography (TRUS) is indicated in men with a low ejaculate volume (< 1.5 ml) and a 

history of male accessory gland infection to exclude obstruction of the ejaculatory ducts, caused by a 

midline prostatic cyst or a stenosis of the ejaculatory ducts which can occur after prostatitis. Ejaculatory 

duct obstruction is characterized by azoospermia or severe oligozoospermia with a low seminal volume 

and decreased levels of seminal fructose. 


6. Testicular Biopsy 

Indications for performing a testicular biopsy are azoospermia in the presence of a normal volume of the 
testes and normal FSH levels. The biopsy is aimed at differentiating between testicular insufficiency and 
obstruction of the male genital tract. Pathological classifications are: 

e The absence of seminiferous tubules (tubular sclerosis) 

e The presence of Sertoli cells only (Sertoli-cell-only syndrome) 

e Maturation arrest: incomplete spermatogenesis, not beyond the spermatocyte stage 

e Hvpospermatogenesis: all cell types up to spermatozoa are present but there is a distinct decline in the 
number of reproducing spermatogonia 

If testicular biopsy is performed, in any case, cryopreservation of testicular tissue is highly recommended to 
store germ cells for later intracytoplasmic sperm injections. 


Treatment 

e Through intra-cytoplasmic sperm injection (ICSI) combined with microsurgical epididymal sperm 
aspiration and testicular sperm extraction, biological parenthood can be offered to couples for whom 
pregnancy used to be impossible. 

e However, these techniques also raise questions about the safety of using immature spermatozoa for 
micromanipulation. Several congenital diseases and genetic disorders, leading to ductal obstruction or 
testicular failure, can be transferred to a subsequent generation through ICSI. 

e Our knowledge of the genetics and pathophysiology of azoospermia is still limited and more research on 
this issue is needed. Currently the technical advances are ahead of the basic understanding of the 
mechanisms that lead to ductal obstruction and testicular failure. 
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CHAPTER 15 
ENDOCRINAL INFERTILITV 


e Approximately 20% of men undergoing an infertility evaluation will be diagnosed with an underlying 
endocrine abnormality. Although the percentage may appear to be small, the identification of specific 
endocrine abnormalities allows the patient to understand if and how his infertility may be treated. 


Based on the history, physical examination, and reproductive hormone levels, patients can be placed in four 
major diagnostic categories: (1) hypogonadotropic hypogonadism (secondary hypogonadism), (2) hyper- 
gonadotropic hypogonadism or testicular failure (primary hypogonadism), (3) defective androgen synthesis 
or response, and (4) combined primary and secondary hypo-gonadism. 


1. Hypogonadotropic hypogonadism (secondary hypogonadism) 

e Men with hypo-gonadotropic hypogonadism are deficient in LH and FSH secretion. In the absence of LH 
and FSH stimulation, the testes secrete low amounts of testosterone, and spermatogenesis is disrupted. 

e It can occur as a congenital condition (idiopathic hypogonadotropic hypogonadism [IHH]), or as an 
acquired condition. 

e Inthe congenital type the function and anatomy of the anterior pituitary is normal. 

o One half of cases are due to Kallmann syndrome (eunuchoidism associated with anosmia and 
isolated deficiency of GnRH secretion) which is due to sex-linked inheritance of the mutations of the 
KAL1 gene. 

o Patients with congenital adrenal hyperplasia secrete excess adrenal androgens, which suppress 
endogenous gonadotropin secretion. Thus the testes are not stimulated and spermatogenesis is sup- 
pressed. Because of the high circulating adrenal androgens, premature puberty occurs, with 
premature closure of the epiphyses, leading to shorter stature than genetically expected. Testes 
shrink, but adrenal rest tumors may be identified on testicular examination. 

e Acquired causes of hypogonadotropic hypogonadism include: 


o Damage to the pituitary gland or hypothalamus from surgery, injury, tumor, infection, or radiation. 
The most common acquired cause is a prolactin secreting tumor that interferes with gonadotropin 
secretion by compressing the pituitary tissue. 

o Genetic defects. 

High doses or long-term use of opioids or steroids . The use or abuse of anabolic steroids also 

suppresses gonadotropins. 

Severe stress. 
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o Nutritional problems (both rapid weight gain or weight loss). 
o Chronic medical diseases, including chronic inflammation or infections. 
o Certain medical conditions, such as iron overload. 
Treatment 


e Therapy for patients with tumors and infiltrative diseases should be dictated by the underlying 
pathology prior to treatment with hormone replacement therapy. 

e Because men with hypogonadotropic hypogonadism are deficient in LH and FSH secretion, 
spermatogenesis can be initiated and pregnancies achieved with exogenous gonadotropins. Selection of 
the type of hormone therapy, as well as the ultimate success of therapy, depends on the severity of the 
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defect. The most frequentiv prescribed preparations are human chorionic gonadotropin (hCG) and 
human menopausal gonadotropin (hMG). 

e HCG is biologically comparable to LH in that it stimulates Leydig cell synthesis and secretion of 
testosterone. It is administered at a dosage of 1500-2000 IU 2-3 times per week for 18-24 weeks until 
normal serum testosterone levels are achieved and there in no further increase in testicular growth or 
improvement in sperm production. 

e Some patients with partial defects, as well as patients with complete hypogonadism will require the 
addition of HMG to their regimens. HMG, which contains both LH and FSH, stimulates spermatogenesis, 
but only after intratesticular testosterone is brought into the normal range with hCG stimulation. HMG is 
administered at a dose of 75 IU 2-3 times weekly until pregnancy is achieved After pregnancy has been 
achieved and maintained for three months, HMG treatment can be withdrawn and spermatogenesis 
usually maintained by continued administration of hCG. 

e Patients not interested in maintenance of spermatogenesis for fertility are often treated with testoster- 
one replacement. Prior chronic treatment of men with hypogonadotropic hypogonadism with 
testosterone does not affect the subsequent success of gonadotropic therapy. 
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. Hypergonadotropic hypogonadism (primary hypogonadism) 

e Men with hypergonadotropic hypo-gonadism can be subdivided into two major groups: (1) men with 
classic hyper-gonadotropic hypogonadism identified by elevated gonadotropin levels, low testosterone 
level, and severe oligospermia or azoospermia (testicular failure), and (2) men with spermatogenic 
failure without Leydig cell failure, who present with elevated serum FSH level, normal LH and 
testosterone levels and oligospermia or azoospermia (primary germ cell failure). 

e Klinefelter syndrome, occurring in approximately 1 in 500 men, is the most common cause of classic 
hypergonadotropic hypogonadism. The classic chromosomal abnormality is 47,XXY. Cardiac 
abnormalities, cognitive and behavioral problems, and an increased incidence of breast cancer have 
been reported in Klinefelter patients. Patients with karyotypes of XXY/XY or multiple X chromosome 
mosaicism present with a range of hypogonadal signs and symptoms. 

e Causes of primary germ cell failure include post-pubertal viral or bacterial orchitis, chemotherapeutic 

agents, idiopathic, and possibly secondary to exposure to environmental toxicants. 


Treatment 

e At present, there is no endocrine therapy available for the treatment of infertility in these two groups of 
men. Artificial insemination with donor semen (AID), adoption, and, in selected cases, in-vitro 
fertilization (IVF)/intracytoplasmic sperm injection (ICSI) are the current options. Some studies suggest 
that these patients may benefit from recombinant FSH therapy prior to IVF/ICSI. 

e The men who present with testicular failure (both an abnormality of spermatogenesis and testosterone 
production) should be treated with androgens to maintain secondary sexual characteristics. If the 
patient has not gone through puberty, dosing should start at a lower dose than the full replacement 
dosage and be slowly titrated up to adult testosterone levels. 


3. Defective androgen synthesis or response 

e Defective androgen synthesis: 5-alfa-reductase deficiency presents with a mild elevation in 
testosterone, decreased to absent levels of DHT, and normal LH and FSH levels. 

e Because of the failure to convert testosterone to DHT, DHT-sensitive organs do not develop normally. 
Patients present with a spectrum of ambiguous genitalia, abnormal prostate development, and 
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abnormal virilization at pubertv. These men usuallv have sperm production adequate to initiate a 
pregnancv but because of their genital urinarv anatomic defects, intrauterine insemination mav be 
necessary. 

Androgen resistance: Androgen actions are mediated by the androgen receptor, which is encoded by 
the androgen receptor gene, located on the long arm of the X chromosome. It is associated with 
elevated testosterone and estradiol levels, borderline elevation of LH, and normal FSH. This is due to 
insensitivity of the androgen receptor to testosterone. 

The androgen receptor defect results in a deficient, cellular response to testosterone, with a secondary 
increase in serum LH. Because the testes are continually stimulated by an elevation of scrum LH levels, 
the secretion rate of testosterone may be increased. Androgen receptors in the pituitary gland are also 
insensitive to the feedback inhibition of testosterone, and LH continues to be secreted in excess. 
Because testosterone is normally converted to estradiol by aromatization, serum estradiol levels are 
usually elevated. The altered testosterone-to-estradiol ratio often produces gynaecomastia. 

The clinical presentation of the patient depends on the severity of the impairment in receptor function. 

o Complete androgen insensitivity (testicular feminization) is manifested as a phenotypic female 
with normal breast development, scant pubic and axillary hair, primary amenorrhea, and an XY 
karyotype. Serum testosterone and estradiol levels are markedly elevated, the latter accounting 
for the normal female body habitus. 

o Patients with partial androgen resistance (Reifenstein syndrome) present with ambiguous 
genitalia. The mildest form of androgen resistance results in a normal male phenotype, but 
abnormal spermatogenesis. Diagnosis is suggested on the basis of the hormonal pattern 
described, but absolute confirmation requires sequencing of the androgen receptor coding gene 
in specialized laboratories. 


Treatment 


No medication is currently available to overcome the defect at the receptor level. Men with partial 
androgen resistance have variable degrees of hypogonadism and infertility. If sperm are present either 
in the ejaculate or in the testes, patients may be able to father children via IVF/ICSI. 


4. Combined primary and secondary hypo-gonadism 


The most extensively studied category of combined primary and secondary hypogonadism is that of 
aging-related alterations in the hypothalamic-pituitary-testicular axis of older men. 

A gradual decline in circulating testosterone levels is reported in healthy aging men. This condition, 
frequently referred to as andropause, is defined as an age-related decline in circulating androgen levels 
below the normal range for young men, associated with signs and symptoms consistent with androgen 
deficiency. 

Although total testosterone and bioavailable testosterone are documented to decline with aging, the 
actual levels of these hormones tend to remain within the normal range for testosterone. Testosterone, 
bioavailable testosterone, and SHBG are estimated to decrease by 0.8%, 2%, and 1.6% per year, 
respectively. Gonadotropins are reported to either increase or decrease with the testosterone levels. 
Hypothalamic dysfunction is suggested by abnormal LH pulse frequency and reduced amplitude. 
Coincident with this decline in testosterone levels is a diminution in libido and a decline in total 
nocturnal erections associated with rapid-eye-movement sleep, reduced muscle mass and strength, 
decreased bone mass with an increased fracture rate, diminished vigor, mood changes, and possibly 
impaired cognition. 
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e Chronic or acute illness, malnutrition, and a number of medications can further compromise tes- 


tosterone production in the aging man. 


e Ifthe history and physical examination are consistent with a possible decline in circulating testosterone, 


then the endocrine workup should proceed as already outlined. A total testosterone below 


300microgram/dL on two separate occasions is diagnostic. 


Treatment 


e Replacement therapy in the older man with symptoms of testosterone deficiency, but low normal 


circulating levels of testosterone continues to be controversial. Table 15.1 summarizes issues related to 


testosterone therapy in aged men. 


Table 15.1 Testosterone use in aged men. 


Contraindications 


Prostate cancer 

Sleep apnea 

Breast cancer 

Significant benign prostatic 


hypertrophy 

Unexplained PSA elevation 
Undiagnosed prostate nodule 
Unstable severe congestive 
heart failure 


Baseline evaluation prior to 
initiation of therapy 


LH, FSH, testosterone, estradiol, 
prolactin 

Complete blood count 

Liver function tests 

Electrolytes 

High-density lipoprotein 
cholesterol 

Low-density lipoprotein 
cholesterol 

Prostate-specific antigen(PSA) 


Monitoring of testosterone 

therapy 

Months 3, 6, 9, 1 2, and then 

yearly 

e Compete blood count 

e Liver function tests 

e Lipids/cholesterol 

e Testosterone and estradiol 
PSA levels and digital 
examination 


CHAPTER 16 
TESTICULAR DVSFUNCTION IN SVSTEMIC DISEASES 


Ontogenic regression 

e The mechanism of reproductive disruption by systemic diseases characteristicallv involves a triad of 
features: inhibition of GnRH secretion, hypersensitivity to negative testicular feedback and resistance to 
naloxone which has been termed ontogenic regression. 

e Ontogenic regression involves a reversible variation in sensitivity to negative testicular feedback which 
causes coordinate changes in gonadotropin and testosterone secretion during periods of stress 
unfavorable to reproductive activity. By facilitating an orderly withdrawal of reproductive function, 
ontogenic regression facilitates its orderly return when more favorable environmental circumstances 
once again prevail. 

e Ontogenic regression is a common underlying mechanism in a variety of systemic diseases, including 
chronic renal, respiratory, liver, inflammatory, nutritional diseases as well as acute critical illness and 
severe burns. It is presumably an adaptive physiological mechanism invoked by adverse environmental 
circumstances ensuring that no overall reproductive fitness is lost in times unfavorable for successful 
reproduction, while retaining the capacity for successful recovery when more favorable circumstances 
return. 


Specific diseases and disorders 
Renal disease 

e Reduced renal function may lead to androgen deficiency and abnormal spermatogenesis. 

e Depending on the time of onset, gonadal dysfunction manifests as delayed puberty in adolescents 
and/or as testicular atrophy, impaired spermatogenesis, infertility, sexual dysfunction or gynaecomastia 
in adult men. 

e Renal failure leads to alterations at different levels of the hypothalamo-pituitary axis with alterations in 
the hypothalamic regulation of pituitary gonadal function. Inhibition of both spermatogenesis and 
steroidogenesis accompanied by modest to minimal increases in gonadotropins, together with testicular 
histological features are indicative of a functional hypogonadotropic state. 

e However, the markedly reduced gonadotropin clearance rates in uremia mask the effects of gonado- 
tropin secretion which is inappropriately low for the reduced testosterone production rates. 

e Additional secondary consequences of the underlying uremia and its treatment include relative LH 
insensitivity of Leydig cells, increased metabolic clearance of testosterone and impaired 
spermatogenesis. 

e Renal transplantation is the only effective treatment to restore testicular function and reverses most of 
the disturbances in testosterone secretion and spermatogenesis. 


Liver disease 
e Acute liver disease including hepatitis causes marked increases in circulating SHBG levels, resulting in 
reflex increases in gonadotropin to maintain testicular testosterone output and tissue androgen supply. 
e Chronic liver failure is associated with prominent features of hypogonadism, including infertility, 
impaired spermatogenesis, testicular atrophy, gynaecomastia, reduced body hair and sexual 
dysfunction. 
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e Testosterone production rate is decreased, although the concomitant increases in circulating SHBG 
levels with a consequential fall in testosterone clearance rate masks the severity of the androgen defi- 
ciency. 

e Despite subnormal testosterone levels, gonadotropin levels remain in the low to normal range with 
diminished pulsatile LH secretion, emphasizing the importance of hypothalamic dysregulation in the 
pathogenesis of hypogonadism in chronic liver disease. 

e Systemic iron overload due to either genetic or acquired post-transfusional haemochromatosis often 
causes hypo-gonadotropic hypogonadism due to pituitary iron deposition, causing relatively selective 
damage to gonadotropes. In more advanced disease, the additional effects of cirrhosis and diabetes 
further highlight the clinical presentation of androgen deficiency. Testosterone replacement therapy is 
often necessary and effective both symptomatically and in restoring bone density loss due to androgen 
deficiency 

Respiratory diseases 

e Recurrent bronchitis, bronchiectasis, chronic sinusitis and/or otitis media are associated with infertility 

due to Young syndrome, cystic fibrosis (CF) and Kartagener syndrome( See chapter7). 


Malignant disease 
e Cancer and its treatment with cytotoxic drugs or irradiation has dramatic effects on male reproductive 
function and regularly produces transient or permanent spermatogenic damage, infertility and, less 
often, androgen deficiency. This particularly concerns the common malignancies of male reproductive 
life that are medically treated with curative intent during reproductive life comprising testicular 
(teratoma, seminoma) and haematological (Hodgkin and non-Hodgkin lymphoma) tumors and sarcomas. 


Neurological diseases 

Genetic disorders 

e Mvotonic dystrophy, an autosomal dominant multisystem disorder is the most frequent inherited 
muscle disease of adults, and is associated with reduced fertility, testicular atrophy, 
hypospermatogenesis, elevated gonadotropin and low or normal testosterone levels. 

e In Kennedy disease (late onset, X linked recessive bulbo-spinal muscular atrophy), the progressive 
neuromuscular atrophy begins in the hips and shoulders, progressing to brainstem innervated bulbar 
muscles which results in difficulties in walking, speaking and swallowing and eventually often in death 
due to respiratory difficulties. In addition there is subtle evidence of acquired androgen resistance 
including gynaecomastia, androgen deficiency symptoms, testicular atrophy and oligo-/azoospermia. 

e The fragile-X syndrome, the most common cause of mental retardation with approximately one in 4,000 
men affected and which explains the male excess in mental institutions, is an X linked disorder. It is 
associated with different degrees of mental retardation, subtle dysmorphic features and macro- 
orchidism, which often becomes manifest just prior to puberty, but shows normal gonadal function. 

e Huntington disease (HD) is an adult-onset neurodegenerative disorder, which is characterized by motor, 
neuropsychiatric and cognitive abnormalities. Individuals affected by Huntington disease have been 
shown to have decreased levels of total testosterone and LH but normal fertility. 


Acquired disorders 
e About 25% of men with multiple sclerosis (MS) have decreased circulating testosterone levels with 
variable LH levels probably attributable to the non-specific effects of the underlying chronic inflam- 
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matorv process. In addition, spinal demvelinization leads to impaired erectile and ejaculatorv function 
but spermatogenesis is not impaired bv the disease or its treatment with beta interferon. 

Spinal cord damage from trauma or neurological disease causes testicular dvsfunction depending in 
severitv on the level and extent of spinal cord interruption. Testicular function is disrupted bv aberrant 
thermoregulation, recurrent ascending urinarv tract infections from bladder catheterization and 
neurogenic dvsfunction and iatrogenic factors (diagnostic irradiation, drugs). Fertilitv mav be preserved 
bv timelv sperm crvopreservation using electro-ejaculation coupled with assisted fertilization. 

Head injuries mav cause gonadotropin deficiencv due to disruption of the pituitarv portal blood stream 
and/or pituitarv infarction following basal skull fractures. 


Gastrointestinal diseases 
Coeliac disease is associated with delaved pubertv, sub-fertilitv, impaired sperm output, morphologv and 
motilitv together with elevated blood testosterone, SHBG and gonadotropin levels, whereas with 
decreased dihvdro-testosterone levels. These changes are reversible upon dietarv improvement of the 
gluten enteropathv. 
Inflammatorv bowel disease (IBD) is often associated with a delaved pubertv, which is more common in 
Crohn's disease than in ulcerative colitis. 


Haematological diseases 
Haemoglobinopathies are associated with delaved pubertv. 
In regularly transfused children with thalassemia transfusion-induced iron overload leads to acquired 
gonadotropin deficiency functionally similar to that of genetic hemochromatosis. 


Endocrine and metabolic diseases 


1. Thyroid 


Thyroid hormones stimulate hepatic SHBG synthesis so hyperthyroidism increases circulating SHBG 
levels and hypothyroidism causes low SHBG levels. The rise in SHBG decreases the testosterone 
clearance rate, resulting in increased total testosterone, estradiol and gonadotropin levels. 

Clinical features include gynaecomastia, erectile dysfunction and ejaculatory disorders in a substantial 
number of cases. These symptoms resolve when a euthyroid state is regained. 

Spermatogenesis is depressed in thyrotoxicosis and long-standing hypothyroidism of prepubertal onset 
but is little affected by postpubertal hypothyroidism. 

Sperm motility is the major fertility parameter affected by hyperthyroidism and improves upon 
treatment. 


2. Diabetes 


The effects of diabetes mellitus (DM) on male reproductive function are primarily due to neuropathic 
and vascular complications of diabetes causing erectile and/or ejaculatory dysfunction. 

Several studies report mildly decreased testosterone levels in men with type 2 DM which most likely 
reflect multiple factors mediating effects of chronic disease (via hypothalamic ontogenic regression 
mechanism), obesity (via lowered SHBG) and impaired Leydig cell steroidogenesis. 

Spermatogenesis and fertility are little affected in men with diabetes whose sexual function is intact. 


3. Obesity 
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Obesitv inhibits testicular endocrine function and has negative effects on spermatogenesis and fertilitv. 
Obese bovs show delaved pubertal development with decreased testosterone levels for chronological 
age, but ultimatelv normal growth and normal testicular development. 

The decreases in blood testosterone and SHBG levels are proportionate to the degree of overweight, 
whereas blood estradiol levels are increased, probably due to increased aromatase-dependent 
peripheral conversion of testosterone to estradiol. 

These hormonal changes are not accompanied by overt clinical features of androgen deficiency and are 
reversed by weight reduction. 


Infectious diseases 
Systemic infections often influence testicular function. Many mechanisms are involved, including the 
effects of fever, inflammatory mediators such as tumor necrosis factor-alfa and cytokines, weight loss 
and chronic catabolism. The net effects depend on the severity and duration, as well 
The genital manifestation of lepromatous leprosy leads in up to 50% of affected subjects to testicular 
atrophy and hypergonadotropic hypogonadism. 
Tuberculosis can lead lo hypogonadotropic hypogonadism by disruption of the gonadal axis and may 
infiltrate the genito-urinary tract, causing epididymitis and consequently infertility. 
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CHAPTER 17 
INTRODUCTION TO DIAGNOSIS OF MALE INFERTILITY 


Definition of male infertility 
e Infertility is present if a sexually active couple is unable to conceive within one year despite the practice 


of regular unprotected intercourse. 


e About 15% of couples do not achieve pregnancy within one year: of these couples almost 50% will 


conceive spontaneously in the second year. 


e Eventually, less than 5% will remain unwillingly childless. 


e In one out of four couples who consult a physician with fertility problems, both male and female 


partners have abnormalities. 


e No causal factor is found in 30% to 40% of cases (idiopathic male infertility). 


Prognosis 


The main factors influencing the prognosis in infertility are: 


Duration of infertility. 


o Primary or secondary infertility. 

o Results of semen analysis. 

o Age and fertility status of the female partner: at present, in many countries, women postpone their 
first pregnancy until they have finished their education and have started a professional career. 
However, the fertility of a woman aged 35 years is only 50% of the fertility potential of a woman 
aged 25 years. By the age of 38, this has reduced to only 25%, and over the age of 40 it is less than 
5%. Female age is the most important single variable influencing outcome in assisted 
reproduction. 

History taking 


The first step in dealing with a case of male infertility is history taking. Table 17.1 gives the most important 


points in the history. 


Physical examination 


e Physical examination should focus on signs of hypogonadism (gynaecomastia, increased body fat, 


abnormal hair distribution, small testes), congenital abnormalities of the reproductive tract (absence of 


the vas deferens, epididymis tail or the testes, prostatic cysts, absence or hypoplasia of the seminal 


vesicles, hypospadia and epispadia), and acquired abnormalities (epididymal congestion, varicocele, 


signs of male accessory gland infection) (Table 17.2). 


e Men with obstructive azoospermia normally present with normal size testes and normal FSH. On 


examination, enlargement of the epididymis may be found. Sometimes, the vas deferens appears absent 


due to congenital factors or previous inguinal or scrotal surgery. Although obstructions in primary 


infertile men are often present at the epididymal level, other sites of obstruction are the ejaculatory 


ducts and the distal vas deferens, which are not palpable on physical examination. In 25% of men with 


obstruction, no spermatozoa are found in the epididymis during scrotal exploration, indicating an 


intratesticular obstruction. 


Investigations 


1. Semen analysis (Chapter 19) 


Hormonal investigation (Chapter 18) 
Microbiological assessment 
Genetic evaluation 
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Ultrasonography 

o Scrotal ultrasound can be helpful in finding signs of obstruction and of testicular dysgenesis, such as 
an inhomogeneous parenchyma and micro-calcifications. 

Colour Doppler flow studies can assist in detecting varicoceles and signs of inflammation. 

Ultra sound can accurately determine the size of the testis. 

The body and the tail of the epididymis usually have a homogeneous aspect. 
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Testicular tumours can be found in 0.5% to 1% of infertile males, and testicular micro-calcifications 
are detected in around 5% of infertile males. 

o Transrectal ultrasound (TRUS) of the prostate and the seminal vesicles is indicated in patients with a 
low seminal volume and in men with a history of male accessory gland infection. TRUS should be 
performed at high resolution and with high-frequency (7 MHz) biplane transducers. 

6. Testicular biopsy (Chapter 19) 


Table 17.1 History of male infertility. 


History of infertility Infections 
Duration Viral febrile 
Prior pregnancies Mumps orchitis 
Present partner Venereal 
Another partner Tuberculosis 
Previous treatments Gonadotoxins 
Evaluation and treatment of partner Chemicals (pesticides) 

Sexual history Drugs (chemotherapy, cimetidine, sulfasalazine, 
Potency nitrofurantoin, alcohol marijuana, androgenic 
Use of lubricants steroids, cocaine) 

Timing of intercourse Thermal exposure (hot tubs, saunas) 
Frequency of intercourse Radiation 

Childhood and development Smoking 
Cryptorchidism, orchiopexy Family history 
Herniorrhaphy Cystic fibrosis 
Testicular torsion Androgen receptor deficiency 
Onset of puberty Review of system 

Medical history Respiratory infections 
Systemic illness (e.g., diabetes mellitus, MS) Anosmia 
Previous/current therapy Galactorrhea 

Surgical history Impaired visual fields 
Orchiectomy (testicular cancer, torsion) Headache 
Retroperitoneal surgery 
Pelvic injury 
Pelvic, inguinal, or scrotal surgery 
Herniorrhaphy 
Y-V plasty, transurethral prostate 
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Table 17.2: Tvpical findings from the phvsical examination that mav be present in a male infertilitv. 


General 
e Obesitv (bodv mass index, waist circumference) 
e Signs of hvper-masculinitv (anabolic steroids) 
e Abnormalitv or absence of hair distribution 
e Gvnecomastia (Tanner stage) 
e Stature (normal, eunuchoid, under-virilization) 
e Signs of pulmonary disease 
Penis/urethra 
e Penile and urethral abnormalities (meatal stenosis, hypospadia, epispadia, urethra! 
fibrosis/stricture) 
Scrotum 
e Absence or atrophy of the testes 
e Cryptorchidism 
e Abnormal testicular volume and/or consistency 
e Varicocele 
Rectal examination (if indicated) 
e Swelling and/or pain of the prostate and the seminal vesicles (prostatitis/vesiculitis) 
e Urethral discharge after rectal examination (MAGI) 
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CHAPTER 18 
ENDOCRINE EVALUATION OF INFERTILE MALE 


Historv 

e Important milestones in a patient's developmental history include normal or abnormal descent of the 
testes, premature or delayed puberty, gynaecomastia, altered libido or potency and fertility history, and 
urinary tract or central nervous system (CNS) abnormalities. 

e Other important information includes past and present illnesses; surgery to the brain or the 
genitourinary system (e.g., orchiopexy, herniorrhaphy, vasectomy); infectious disease (e.g., venereal 
disease, mumps, tuberculosis, epididymitis); use of drugs, medications and alcohol; occupations and 
exposure to chemicals at work or at home. 


Physical examination 

e Thyroid disease is suspected with thyromegaly, eye changes, hyperreflexia, or hyporeflexia. 

e Gvnaecomastia is associated with hypogonadism or an imbalance of the testosterone: estradiol ratio and 
hyperthyroidism, cirrhosis, testicular rumor, and drug use. Hepatomegaly is associated with alcoholic 
liver disease and/or abnormal steroid metabolism. 

e Secondary sexual characteristics, which include body habitus, hair distribution pattern, body proportions, 
and size and anatomy of the genitalia, should be noted. 

e Testicular examination includes: 

o Testicular volume: it is measured with an orchidometer (Fig 18.1) or calipers. Testicular size is 
primarily a reflection of the presence and activity of the seminiferous tubules. Testes smaller 
than 15 cm? are associated with an abnormally low-sperm concentration and may or may not be 
associated with a low testosterone production. Testes larger 25 cm' may indicate a tumor or a 
hydrocele. 

Consistency: a normal consistency is firm. 
Position (in scrotum, in inguinal canal or intraabdominal) It is common to have one testicle 
(usually the left) hanging lower than the other. 

o Presence of a mass. 

e Determining if hypogonadism presented to or following puberty assists with the diagnosis. 

o If Leydig cell function or androgen action was deficient during embryogenesis, then hypospadias, 
cryptorchidism, or microphallus occurs. 

o If Leydig cell failure occurred prior to puberty, sexual maturation does not occur and features of 
eunuchoidism will develop. The cardinal feature of eunuchoidism is the failure of androgen- 
induced closure of the epiphyses of the long bones of the extremities, leading to an arm span 
5cm longer than height and a lower body segment (pubic to heel) more than 5cm longer than 
the upper body segment (crown to pubic). Other findings of this condition include sparse body, 
pubic, and facial hair; poor skeletal muscle development; absence of male-pattern baldness; 
infantile genitalia with small firm testes; failure of voice to deepen; and, on occasion, 
gynecomastia. 

o Leydig cell failure following puberty is associated with more subtle physical findings. These 
include small, soft testes; female body habitus with female fat distribution; a decrease in skeletal 
muscle mass; gynecomastia; decrease in facial hair; and excessive facial wrinkling. Patients with 
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isolated germ cell failure have normal phvsical findings except small testes, while patients with 
spermatogenic arrest or obstruction have normal-size testes. 


Laboratorv assessment 


Sample collection 


A single sample of 10mL of whole blood collected in the morning (to minimize diurnal variation) is 
usually adequate. 

However, because of the pulsatile nature of hormone secretion in men, single random measurements of 
serum levels may not accurately reflect the mean concentration of LH, FSH, and testosterone over a 
prolonged period of time. Therefore, if an abnormal result is obtained, the patient should be reevaluated 
with a collection of multiple samples (three samples collected through an indwelling cannula at 20 
minute intervals). Pooling three samples provides a more integrated measure of basal hormone 
secretion. 


Hormone assessment 


1. 


The measurement of free testosterone is included when clinical conditions exist that alter SHBG levels. 
Testosterone circulates in the blood loosely bound to albumin and tightly bound to SHBG. The unbound 
free testosterone is 2% of total testosterone and is biologically available that enters the cells and exerts 
its metabolic effects. A change in the amount of available SHBG alters the degree of tissue entry of 
testosterone. Therefore, the measurement of free (unbound) testosterone is a more accurate marker of 
physiologically available testosterone than is the measurement of total testosterone level when 
conditions of altered SHBG concentrations or binding exist. 

Estradiol measurements are ordered when a patient presents with gynaecomastia, a testicular mass, or a 

history consistent with exogenous estrogen exposure. 

Prolactin measurement is included in the evaluation of a patient with erectile dysfunction or evidence 

for a CNS tumor, as well as in men with a relevant drug history. 

Measurement of circulating LH and FSH levels allows the clinician to determine if a patient's endocrine 

dysfunction is the result of primary testicular failure or hypothalamic and/or pituitary deficiency. 

o Because LH secretion is regulated by the inhibitory feedback of circulating testosterone, the 
measurement of serum LH reflects the adequacy of Leydig cell function in patients with testicular 
damage. 

o Serum FSH levels reflect the state of the seminiferous epithelium in the infertile man. In men with 
azoospermia due to severely damaged germ cells, serum FSH levels are usually elevated. Combined 
elevations of FSH and LH levels are seen in association with severe testicular damage, reflecting a 
decline in both the tubular (Sertoli and spermatogenic cells) and androgenic functional components 
of the testes. In azoospermic or severely oligospermic men with normal-sized testes, a normal level 
of FSH may indicate the presence of post-testicular (epididymis and vas deferens) obstruction of the 
excretory duct system. 

Measurement of inhibin levels is not available in most laboratories, but inhibin may be a marker of 

testicular function. 

An assessment of other pituitary hormones (adreno-corticotropic hormone [ACTH], thyroid-stimulating 

hormone [TSH], and growth hormone [GH]) is recommended in patients with hypogonadotropic hypo- 

gonadism in whom a pituitary tumor is suspected. Assessment of other endocrine organ functions (adre- 
nal, thyroid, parathyroid, pancreas) is recommended in patients suspected of multiple end-organ failure. 
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The GnRH test is performed to determine the gonadotropin reserve capacitv of the pituitarv because of 
the extremely low serum concentrations and short half-life, GnRH cannot be measured in peripheral 
blood. The rise of LH should be at least threefold 30-45 min after injection of 100microg GnRH; the 
increase in FSH should be 1.5 times over basal. However, the results should be judged by an experienced 
clinician. 

Inhibin B is produced by the Sertoli cells in the testes and plays a role in the regulation of FSH secretion 
in the pituitary. Inhibin A is not produced in the male. Inhibin B is a marker of spermatogonia pro- 
liferation and interaction with Sertoli cells and its concentration in serum drops quickly when 
spermatogonial proliferation stops. Overall, inhibin B levels decrease and, consequently FSH con- 
centrations increase in the presence of germ cell depletion. 


CHAPTER 19 
SEMEN ANALVSIS (SEMINOGRAM) 


Introduction 


Semen is the composite product of fluids and cells from the testes and the male accessorv glands, and 


contains primarilv the following kev elements: 


1. Spermatozoa contained in the secretions from the cauda epididvmidis and vas deferens. 

2. A minute amount of clear mucoid secretions from the bulbourethral (Cowper's) glands that serve to 
lubricate the urethra and neutralize any residual acidic urine. 

3. Asmall amount of acidic secretions from the prostate that contain zinc, citric acid, acid phosphatase, 
and prostate-specific antigen (PSA). 

4. Alkaline secretions from the seminal vesicles that constitute most of the semen volume and contain 
fructose, prostaglandins, and seminogelin proteins. 


Characteristics measured by semen analysis 


Semen volume 
Coagulation 
Liquefaction 
Viscosity 

Sperm count 
Sperm motility 
Sperm maturity 
Sperm morphology 
Sperm viability 
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Leukocyte concentration 


Initial evaluation of semen 


Semen specimens usually are collected by masturbation into a wide-mouthed polypropylene container 
tested for lack of sperm toxicity. Collection of semen into a nonlatex, usually Silastic, condom during 
coitus appears to yield a higher-quality sample, but this practice is used infrequently. 

Most references suggest that a period of 2-5 days of ejaculatory abstinence should precede semen 
analysis, but a recent study suggests that an abstinence of 1-2 days yields a specimen with better 
motility and morphology in men with oligospermia. Declines in all semen parameters, especially sperm 
morphology, were associated with abstinence prolonged for more than 10 days. 

Semen should be evaluated 60-90 minutes after collection. Recording both the time the sample was 
collected and the time the sample analysis was initiated is essential. When samples are transported to a 
central laboratory, or when patients cannot collect the sample at the laboratory site, the elapsed time 
can exceed many hours. This practice should be avoided, but, if necessary, should at least be brought to 
the physician's attention on the analysis report. Sperm motility decreases significantly after three hours, 
and continues to decline over the nest 6-18 hours. If delays are inevitable, samples should be kept at 
room temperature, since exposure to refrigerator or body temperatures accelerates the decline in 
motility. Whenever possible, semen should be collected at the laboratory to permit observation 
immediately after collection and during liquefaction. 
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Creating a private and comfortable environment for both collection and sample receipt improves patient 
experience. The amount of time the man spends on sample collection is correlated with arousal and 
better sperm qualitv. Most men experience some embarrassment in discussing their semen collection, 
and all personnel, from the receptionist to the receiving technologist, must put the patient at ease. The 
patient must understand that honesty about abstinence time and any collection difficulties is an 
important part of the semen evaluation. 

At the time of sample receipt the man should be asked when he last ejaculated, if the sample is 
complete, and if any portion was lost during collection. When this information is requested in multiple 
open-ended questions, the patient is more likely to give the true answer. 

After the sample is received, it must undergo liquefaction before analysis commences. Upon ejaculation, 
semen immediately coagulates into a semi-solid gel, primarily by the action of seminal vesicle 
semenogelin proteins. The proteolysis of semenogelin by PSA causes semen to liquefy, usually within 5- 
20 minutes, and thus loss or partial secretion of the first prostatic fraction during collection can cause 
incomplete liquefaction. The change from the coagulated to the liquid state should be evaluated at 30 
minutes and, if incomplete, at 60 minutes, by swirling the sample. Any residual gelatinous material or 
particles indicate incomplete liquefaction. Decreased motility can be a consequence, since intact 
semenogelin can immobilize sperm. 

After liquefaction, the semen is assessed macroscopically. An obvious, unpleasant odour should be 
noted, as it may indicate infection or excessive sample age. The normal colour is an opalescent off-white. 
Routine measurement of pH is not necessary and provides no useful clinical information if sperm are 
present. In the case of low volume and complete lack of sperm (azoospermia), pH may give some 
indication whether the problem relates to dysfunction of the accessory glands as opposed to specimen 
loss during collection, but other tests using biochemical markers or ultrasound examination are more 
reliable. 

Using a 5mL serological pipette gives a volume measurement that is reliable. 

Mixing a semen sample thoroughly is critical for accurate sperm counts, both initially and throughout 
each step of semen analysis. The liquefied sample should be pipetted into a conical centrifuge tube and 
vortexed at a medium speed for 2-3 seconds twice. During pipetting, volume can be measured and 
consistency (commonly referred to as viscosity) can be evaluated. If the sample leaves the pipette in 
drops, the consistency is normal; if it exits as a long strand or "thread," the consistency is high or 
abnormal. 

Samples with high consistency can be difficult to mix and pipette, and this should be noted to alert the 
physician that test results may be inaccurate due to unavoidable sample handling errors. Treatment of 
semen with chymotrypsin usually is effective in reducing the consistency and making the sample easier 
to process. 


Microscopic examination 


Next, the semen should be examined microscopically for the presence of bacteria, round cells, debris, 
agglutination (adherence of motile sperm to other sperm), or aggregation (adherence of sperm to other 
cells or debris). 

This can be accomplished by placing a drop or a 10 microL aliquot of the semen on a glass slide and 
coverslipping it to make a "wet preparation," or it can be performed at the same time as sperm counting 
if a chamber that does not require dilution is used (see below). 
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Most semen samples contain a minor amount of debris, generallv anucleate material smaller than a 
sperm head. Moderate to heavv debris should be noted. Bacteria mav indicate infection if the concen- 
tration exceeds 1000/mL, but can also represent contamination during sample collection, or colonization 
of the urethra. Sperm agglutination suggests the presence of antisperm antibodies. Enzymatic 
treatment can reduce agglutination and allow sample analysis. 

Round cells include leukocytes and immature germinal cells, which can be reported as an average 
number per 10-20 high-power (x40) fields or can be counted using phase microscopy. 

A peroxidase test can be used to detect polymorphonuclear neutrophils (PMN), but peroxidase staining 
will not detect non-PMN leukocytes such as macrophages and monocytes, which can account for half of 
total leukocytes. In a well-stained semen smear, PMNs can be identified easily by their multilobed nuclei 
connected by nuclear bridges and cytoplasmic granules not found in sperm precursor cells and other 
leukocytes. If enumerated as number of leukocytes, or specifically PMNs, per 100 sperm, the absolute 
number can be calculated from the total sperm count. The common thresholds for leukocytospermia are 
over 1 million total leukocytes per ml of semen or over 500000 PMN/mL. 


Manual sperm counting 


The best way to view sperm is with a microscope equipped with a 20x phase-contrast objective. 

In order to quantify the cellular elements in semen, a counting chamber must be used. Several types are 
available. The better choice is to use counting chambers designed specifically for sperm counting 
(Fig.19.1). 

At least 200 sperm should be counted. Once the count of sperm within the chamber is completed, 
calculations must be performed to obtain the number of sperm per milliliter of semen. The total sperm 
output is a more relevant measure, and it depends on testicular size. Total sperm count has more 
meaning than concentration, and it is obtained simply by multiplying the concentration of sperm in the 
semen by the semen volume. 


Manual assessment of sperm motility 


The most common method for analyzing sperm motility is estimating the percentage of motile sperm in 
several microscopic fields and computing the average. Since this is almost-completely subjective, the 
accuracy and precision are poor. 

An easy, objective and reproducible method for motility analysis can be used as follows: 

o First, a small (7100 microL) aliquot of the well-mixed, liquefied sample is pipetted into a 1 mL micro- 
vial. 

The vial is incubated in a 56°C water bath for about five minutes to immobilize the sperm. 
While this incubation proceeds, the fresh semen sample is loaded into a counting chamber, and only 
the nonmotile sperm are counted. 

o At the completion of the incubation period, the immobilized sample is loaded into a counting cham- 
ber, and the number of sperm is counted (this number is also the total sperm count). 

o The difference between the two, the total number of sperm in the immobilized sample minus the 
number of non-motile sperm in the fresh sample, is the number of motile sperm. From these two 
numbers, calculations can be performed to determine the sperm concentration, total number of 
sperm in the ejaculate, percentage motility, and total number of motile sperm. Counting nonmoving 
sperm is easy and reproducible, within and among technologists. 
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o it is recommended that semen analysis should include a progressive motility score of motile sperm 
expressed in different progression categories i.e. rapid, slow, and non-progressive. This difficult and 
time-consuming task requires discriminating the speed of movement of the sperm cells, either 
subjectively or more objectively, by counting the number of squares each sperm swims through 
during a given amount of time. 


Sperm viability 


Sperm viability testing typically uses a nuclear exclusion stain to determine whether non-motile sperm 
are alive and not able to move, or actually dead (necrosperrnia). 

Viability testing requires a very simple two step staining procedure, using eosin Y as the stain and 
nigrosin as a counterstain. The method is quick and easy to evaluate. 

Sperm that do not take the eosin Y stain are alive and those that take it up are dead. Both can be 
visualized well against the blue-black nigrosin counter stain (Fig.19.2). 


Sperm morphology 


The percentage of sperm with normal morphology is one of the most predictive measures of fertility 
potential and therapeutic outcome. For an infertile couple, abnormal sperm morphology can suggest the 
next therapeutic step such as varicocele repair, in-vitro fertilization (IVF), or intracytoplasmic sperm 
injection (ICSI). 

Normal sperm morphology has been shown to be positively correlated with sperm zona-induced 
acrosome reaction, tight sperm-zona pellucida binding, and ability to penetrate cervical mucus, and to 
be negatively correlated with leukocytospermia. 

A high percentage abnormal forms is associated with some conditions e.g. varicocele, any debilitating 
illness, gonadotoxic drugs (e.g. nitrofurantoin), psychological stress, hashish users and men exposed to 
heat. The prescence of a high number of sperm with cytoplasmic dorptets may indicate that inadequate 
sperm maturation has occurred, thereby suggesting a type of epididymal pathology. 

Normal morphology is a good predictor for success of IVF, ICSI and IUI. 


Morphology methodology 


The first step in sperm morphology is to make a good, even semen smear, not too thin and not too thick. 


To make the smear, a small drop of semen should be placed near the labeled end of the slide. Another glass 


slide is held at a 45° angle to the smear slide and used to pull the semen slowly across the slide. The angle 


can be increased or decreased to make the smear slightly thicker or thinner, depending on the concentration 
of the sample (Fig.19.3). 


Ideally, the smear should immediately be fixed using a spray cytology fixative to reduce air-drying 
artifacts, dried thoroughly, and then stored in a dry place until stained. 

The best stain for semen smears and sperm is a modified Papanicolaou (Pap) stain, providing good clarity 
and color differentiation among the regions of the cell. Pap-stained smears also are stable over time, 
allowing later review. 

After staining, the smear should be cover slipped and examined using a 100x oil objective with a 10x eye- 
piece. The head, midpiece, and tail of each sperm are separately evaluated. If any of the three major 
structures is abnormal, the sperm is classified as abnormal. 


Depending on what information the ordering physician or study needs, the location of the abnormality 
(head, midpiece, tail) or type of abnormality, such as shape of head, size, etc., can also be determined 


AG 


and recorded. At least 200 cells must be evaluated to ensure a statisticallv valid evaluation of the 
sample. 


Classification of sperm morphologv 

e Human sperm are extremely pleiomorphic in several respects: many subtle variations of normal exist, 
and many irregular and abnormal forms are present. The effect of this problem can be minimized with 
larger sample sizes of 200-500 cells but can be profound if too few cells are assessed. 

e For aspermatozoon to be considered normal, both its head and tail must be normal. All borderline forms 
should be considered abnormal. Table 19.1 gives the normal sperm morphology as recommended by the 
WHO in 2010. 


Table 19.1 Normal sperm morphology. 


Head 
Shape Oval, smooth and regularly contoured 
Acrosomal region 40-70% of head surface 
Vacuoles in acrosomal region Not more than two small vacuoles 
Midpiece 
Shape Slender, straight, regular outline 
Cytoplasmic droplet < one third of head area 
Tail 
Shape Uniform size, uncoiled 
Width Thinner than midpiece 
Length 10 times the head length 
Automation 


e Several types of automated semen analyzers are commercially available. In general, however, 
automation of semen analysis has failed to answer the needs of the clinical laboratory. Current 
technology is either too expensive and difficult to use or is not sufficiently robust to be useful. 


Semen analysis data 
The normal semen parameters according to the WHO 2010 criteria are given in Table 19.2. 


Table 19.2 WHO normal semen parameters. 


Semen Analysis Parameter Normal Values 


Progressive motility 32% or more 


Morphology 4% or more normal forms (Strict criteria) 


Vitality 58% or more live 
White blood cells Less than 1,000,000/ml 


Some important definitions related to infertilitv (Table 19.3) 


Table 19.3 Descriptive terminologv of semen. 


Normozoospermia Total number or concentration of, and percentages of progressivelv 
motile and morphologicallv normal, spermatozoa equal to or above the 
lower reference limits 


Oligozoospermia Total number or concentration of spermatozoa below the lower reference 
limit 

Asthenozoospermia Percentage or concentration of progressivelv motile spermatozoa below 
the lower reference limit 

Teratozoospermia Percentage or concentration of morphologicallv normal spermatozoa 
below the lower reference limit 

Oligoasthenozoospermia Total number or concentration of, and percentage of progressivelv motile, 
spermatozoa below the lower reference limits 

Oligoteratozoospermia Total number or concentration of, and percentage of morphologicallv 
normal, spermatozoa below the lower reference limits 

Asthenoteratozoospermia Percentages of both progressivelv motile and morphologicallv normal 
spermatozoa below the lower reference limits 


Oligasthenoteratozoospermia | Total number or concentration 'of, and percentages of both progressively 
motile and morphological by normal, spermatozoa below the lower 
reference limits 


Cryptozoospermia Spermatozoa absent from fresh preparations but observed in a 
centrifuged pellet (3,000 g for 15 min) 
the ejaculate 
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CHAPTER 20 
TESTICULAR BIOPSY IN MALE INFERTILITY EVALUATION 


Testicular biopsy is one of the cornerstone surgical procedures in male reproductive surgery. It is both 


diagnostic and therapeutic. 


Indications 


1. Azoospermia to differentiate between obstructive and functional types. It is indicated 
therapeutically using micro-dissection TESE to recover sperm that may be used for IFV/ICSI. 


2. Diagnosing the cause of testicular failure. 

3. Obtaining histologic information regarding the oligospermic patient. 

4. Extraction of any sperm identified during biopsy to be used in ICSI. 

5. Diagnosis of the type of testicular tumours. 

6. Adult cryptorchidism to evaluate spermatogenesis and exclusion of tumours. 
Techniques 


1. Standard open surgical biopsy 


Testis biopsy can be performed with conscious sedation, general anaesthesia, or local anaesthesia alone 
if preferred. 

If the procedure is performed under local anesthesia alone, a cord block in addition to a skin block at the 
area of the incision if typically adequate; 1% lidocaine (with or without 0.5% bupivacaine for longer- 
acting anesthesia) is used. 

After the surgical site is properly prepared, an incision of 2-3 cm is made through the skin, subcutaneous 
tissue (dartos), tunica vaginalis, tunica albuginea. 

Gentle pressure is then applied to the testis, and any testicular parenchyma that is extruded through the 
tunical opening is then excised using fine scissors and set aside in an appropriate fixative. 

The typically used fixative is Bouin's fixative for histologic examination, and human tubal fluid for sperm 
extraction. Formalin fixation of specimens regularly used in pathology cannot be recommended because 
of severe shrinkage artifacts, making detailed histological evaluation impossible. 

If an adequate specimen has been obtained, haemostasis is achieved using electrocautery, and then the 
different layers opened are closed 


2. Micro-TESE 


To search or a sperm to be used in ICSI, the operating microscope is used; this procedure is termed 
micro-dissection testicular sperm extraction (micro-TESE). 

A technique identical to that described above it used and the microscope is used to identify grossly 
normal-appearing tubules for biopsy. The opacity, color, and size of the tubules are used to decide which 
tubules are more likely to harbor sperm. 


3. Fine-needle aspiration/percutaneous testis biopsy 


Described methodologies for this procedure include use of the Tru-Cut biopsy needle (Fig.20.1), the 
Biopsy gun, or a simple aspiration setup including a 23g butterfly needle. All of these methodologies can 
be used safely with local anaesthetic alone. 

There are obvious advantages and disadvantages to percutaneous biopsy of the testis. 
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Benefits of the procedure include the fact that it can be safelv performed in the office and its 
relativelv low morbiditv to the patient. 
The disadvantage is that less meaningful information (primarilv cvtological rather than histological) is 
returned from the procedure, simplv because of the disorganized nature of the harvested tissue and 
the smaller amount of tissue returned. 


Pathological classification of biopsv findings 
1. Tubular architecture 


Abnormalities of tubular architecture include: 


(e; 


Tubular hvpoplasia represents a failure of the tubules to enlarge during pubertv; the seminiferous 
tubules are lined onlv with spermatogonia and immature Sertoli cells. This biopsv finding is 
potentiallv consistent with conditions such as hvpogonadotropic hvpogonadism, wherein the 
appropriate androgen-induced pubertal change in the testis is absent. 

Basement membrane hvalinization refers to concentric thickening of the inner basement 
membrane, as evidenced bv deposition of hvaline. Severe and diffused hvalinization is termed 
tubular sclerosis; this biopsv finding can be consistent with conditions such as hvpergonadotropic 
hvpogonadism and hvper-estrogenism. Some degree of tubular sclerosis is normal in the testis of 
aging men, possiblv as a result of arteriosclerosis. 


2. Germinal epithelium 


In the infertile patient, changes in the appearance and number of these cells are characteristic. Tvpicallv 
defined patterns of change include: 


(e; 


Hvpospermatogenesis or germ cell hvpoplasia is simplv a reduction in the number of germ cells seen 
per seminiferous tubule; it can be characterized as mild, moderate, or severe. 

Maturation arrest (Fig.20.2) is simply the failure of spermatogenesis to proceed beyond a 
certain stage. Both "early" and "late" maturation arrest are well defined, with “late” maturation 
arrest defined as the absence of round spermatids or later stages. Clinically, "late" maturation arrest 
often correlates with normal or high-normal FSH. while "early" maturation arrest is often associated 
with a frankly elevated FSH. 

Germinal cell aplasia, or Sertoli-cell-only syndrome, is defined by a total absence of germ cells at 
any stage(Fig.20.3). This condition can be brought about by any number of gonadotropic insults, 
including chemotherapy, radiation, or other toxicants. In some patients with primary infertility, this 
diagnosis is made on biopsy and theoretically represents a failure of gonocytes to migrate to the 
gonadal ridge embryonically. 

End-stage change implies a total absence of germinal epithelial cells, with associated tubular 
sclerosis and peritubular fibrosis. This condition clinically associated with elevated FSH and LH and 
testicular atrophy can be associated with many well-known causes of male infertility, including long- 
term steroid abuse and Klinefelter syndrome. 


ar 


CHAPTER 21 
NON-SURGICAL TREATMENT OF MALE INFERTILITV 


Male infertility is a multi-faceted problem. To treat it we may use drugs, surgery or assisted reproduction 
techniques. Drugs used may be specific or empirical. Specific drugs are used when there is a specific cause is 
found. Table 21.1 shows the causes of infertility that can be treated by drugs. 


Table 21.1: Pre-testicular, intratesticular, and post-testicular causes of infertility that are potentially 
amenable to a nonsurgical treatment option. 


Pre-testicular intratesticular post-testicular 


Medications Medications Medications 


Systemic infection Genital tract infection Genital tract infection 


Hypogonadism Hyperthermia Ejaculatory dysfunction 
Occupational exposure Occupational exposures Erectile dysfunction 


Illicit drug use Radiation therapy 


Empiric therapy of idiopathic infertility 

Introduction 

e The term “empiric” means relying on experience only. 

e Such empiric medical therapy is commonly used in the treatment of patients with "idiopathic male 
infertility" i.e. when a diagnostic evaluation reveals no specific abnormalities to explain a man’s infertility. 

e The incidence of idiopathic infertility has ranged from 5% to 66%, with an average of 25%. Idiopathic 
infertility, therefore, is often the diagnosis given to a large number of men seeking evaluation and 
treatment. Empiric therapy is the only available form of therapy for these patients. 

e Patients who have a known but untreatable cause of infertility, or patients who fail to respond 
adequately to specific treatments, are also candidates for such non-specific intervention. Therefore, 
empiric therapy might be offered to any infertile man for whom a specific treatment is unavailable or in 
whom a specific treatment has failed. 

e The use of empiric therapy is uncommonly used now because assisted reproductive techniques that 
have a measurable benefit are typically suggested to the couple with idiopathic male infertility. 


1. Anti-estrogen therapy 

e Most empiric hormonal therapies are based upon the theory that increasing the amount of circulating; 
testosterone and/or FSH will improve testicular function, specifically spermatogenesis. 

e The intact HPG axis also depends on normal levels of circulating steroids (androgens and oestrogens) for 
feedback inhibition of both hypothalamic and pituitary stimulation of the testis. This negative feedback 
effect of androgens mostly occurs after their conversion to estrogens by aromatization either 
peripherally or at the target organ (hypothalamus or pituitary). 

e Therefore, anti-estrogens and aromatase enzyme-inhibiting compounds can be used to block this 
negative feedback effect of steroids on the HPG axis without decreasing the effect of circulating 
androgens. With prevention of the important negative feedback of estrogens to the pituitary and 
hypothalamus, LH and FSH release and GnRH stimulation are augmented. 

e Since FSH is extremely important for the initiation and maintenance of spermatogenesis, an increase in 
FSH release may also further improve sperm production. This results in the stimulation of the testis by 
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both LH and FSH, released by the pituitary gland in response to an increase in hypothalamic secretion of 
GnRH. 

Clomiphene citrate and tamoxifen citrate are oestrogen receptor blockers that have been used as 
empiric treatments for the idiopathic oligospermic male, acting as competitive inhibitors of estrogen by 
reversibly binding to estrogen receptors. 


Clomiphene citrate 


Clomiphene citrate was used as a fertility drug in women. In 1977 a report of a 40% pregnancy rate ina 
group of 32 subfertile men treated with 25mg/day made it a popular drug for male infertility therapy. 

A consistent finding in a study of clomiphene citrate was an increase in serum FSH, LH, and testosterone 
in all men treated with this drug. Improvement in sperm count was observed in up to 70% of men 
treated and pregnancy rates ranged from 0% to 40%. 

Patients with normal baseline gonadotropin levels, without azoospermia, and no evidence of scarring on 
testicular biopsy, appear to be the most likely to respond positively to clomiphene citrate. 

Because an occasional patient will demonstrate worsening of sperm counts while receiving treatment, it 
is important to follow the semen parameters and serum hormonal values on a monthly basis. 

A reasonable starting dose is 25 mg/day. Some men appear to be exquisitely sensitive to clomiphene 
citrate, whereas others may require higher doses before an appropriate hormonal response is obtained. 
Follow-up evaluation of patients receiving clomiphene citrate should include endocrine studies 
(testosterone and FSH), blood pressure monitoring, and semen analysis. The dosage should he adjusted 
in an effort to maximize serum FSH levels without increasing serum testosterone levels significantly 
above normal. 

A study of 42 patients with nonobstructive azoospermia with testicular biopsy demonstrating maturation 
arrest and hypospermatogenesis. Clomiphene citrate was administered, with the dose titrated to 
achieve serum testosterone levels between 600 and 800 ng/dL, and semen analyses were performed at 
periodic intervals. In patients remaining azoospermic on semen analysis, surgical testicular biopsy and 
sperm extraction were performed. After clomiphene citrate therapy, 64.3% of the patients 
demonstrated sperm in their semen analyses ranging from | to 16 million sperm/mL, with a mean sperm 
density of 3.8 million/mL. Sufficient sperm for intracytoplasmic sperm injection (ICSI) were retrieved by 
testicular sperm extraction in all patients, even though 35.7% remained azoospermic. This study 
suggested considering a course of clomiphene citrate prior to surgical sperm retrieval in patients with 
nonobstructive azoospermia. 

The side effects of clomiphene citrate are usually self-limited and may include visual disturbances, 
weight gain, and increased blood pressure. 

The overwhelming evidence suggests that clomiphene citrate is not an effective treatment for idiopathic 
infertility. However, because some patients have responded favorably, there may be a subgroup of men 
in whom its use is appropriate. Doses should be only 12.5-25mg/day initially to avoid an excessive 
increase in serum testosterone. 


Tamoxifen citrate 


This drug was used as a treatment for male infertility in 1976. 

A 20% pregnancy rate after treating men with idiopathic oligospermia for 6-11 months with 20 mg/day. 
The majority of the uncontrolled studies showed an increase in sperm count, but very few demonstrated 
a change in motility or morphology. Pregnancy rates ranged from 17% to 40%. 
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None of the controlled studies investigating tamoxifen therapv has shown it to have anv significant 
effect on pregnancv rate. However, further studv mav reveal a subgroup of patients responsive to 
treatment. 


2. Aromatase inhibitors 


Aromatase inhibitors block the conversion of testosterone to oestrogen. 

Levdig cells within the testis co-secrete testosterone and oestradiol in response to gonadotropin 
secretion, but the major source of circulating estradiol in men is from peripheral conversion of 
androgens to estrogens bv the aromatase enzvme in adipose tissue. 

Despite the multiple sources of estradiol production, testosterone concentrations in the serum of an 
adult man are normallv more than 100 fold higher than estradiol. 

As stated earlier, aromatization of androgens to oestrogens within the hvpothalamus appears to be 
necessary for steroidal inhibition of hypothalamic GnRH secretion. 

Testolactone lowers serum oestradiol levels in men through the inhibition of the aromatase enzyme and 
does not have any intrinsic androgenic or oestrogenic activity. 

Like tamoxifen, testolactone was originally used in the treatment of women with metastatic breast 
carcinoma. Testolactone has been found to be a safe and well-tolerated medication, and subsequently 
has been tested in men with idiopathic oligospermia. 

Testolactone theoretically can improve testicular function in two ways. Oestradiol concentrations within 
peripheral serum and in the testis may be reduced by inhibition of estradiol production in adipose tissue 
and of the Leydig cells (potentially the Sertoli cells as well), respectively. In addition, testolactone, 
analogous to clomiphene citrate, stimulates gonadotropin secretion by the pituitary gland by blocking 
feedback inhibition. 

Infertile men with an abnormally low serum testosterone-to-oestradiol ratio (e.g 10 and is normally > 
100) showed increase in this ratio and improvement in semen parameters (concentration, motility, 
morphology) after treatment with the aromatase inhibitors testolactone (1g/day) or anastrozole 
(1mg/dav). Men who are infertile with a low serum testosterone-to-estradiol ratio can be treated with 
an aromatase inhibitor. With treatment, an increase in testosterone-to-estradiol ratio occurred in 
association with increased semen parameters. 


3. Gonadotropins 


Exogenous gonadotropins, most commonly given as human chorionic gonadotropin (hCG) or human 
menopausal gonadotropin (hMG), and the newer recombinant human FSH now available, have been 
used in the treatment of men with idiopathic infertility. 

The initiation and maintenance of spermatogenesis, as well as the normal function of the male sex 
accessory glands, depend on the proper stimulation of the testis by gonadotropins secreted by the 
anterior pituitary gland. Treatment of hypogonadotropic hypo-gonadism with exogenous gonadotropins 
or GnRH has produced remarkably good results compared with treatment of other male infertility 
problems. The results have led to the use of these hormones in subfertile men with either normal or 
elevated basal gonadotropin levels. 

Human chorionic gonadotropin is comparable to LH in that it stimulates Leydig cell secretion of both 
testosterone and estradiol and subsequently suppresses FSH. Human menopausal gonadotropin has 
both LH and FSH activity and is the more expensive of the two drugs. 

Both hCG and hMG must be administered parenterally, and they have been used separately and 
together in various dosing regimens. 
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One of the first reported studies using hCG alone, yielded surprisingly good results. Among 20 men 
receiving 5000 IU hCG 2-3 limes weekly for 1-3 months, 60% had improvement in seminal parameters, 
which resulted in a 35% pregnancy rate. In contrast, another study on the use of hMG alone had 
disappointing results: only 19% of the oligospermic men so treated had improvement in seminal 
parameters, and the subsequent pregnancy rate was only 13%. 

HCG (4000 IU twice weekly) was used as an adjuvant therapy in men with a baseline sperm count of less 
than 10 million/mL, who underwent varicocelectomy. Without adjuvant hCG therapy the pregnancy rate 
was only 23%, but it increased to 44% when hCG was administered in conjunction with varicocelectomy. 

HCG in adose of 5000 IU per week, was used in 40 men not responding to a varicocele repair and six men 
with an unrepaired varicocele. The failed varicocelectomy group had a 43% pregnancy rate, whereas the 
group with unrepaired varicocele had a 0% pregnancy rate. Although promising, these results have not 
yet been substantiated by a randomized controlled study. 

The treatment of idiopathic oligospermia with a combination of both hCG and hMG has not been very 
successful. 

At this point, without demonstration of significantly better results, it is hard to justify the expense and 
effort involved in using these agents instead of the oral anti-estrogens that achieve a similar result by 
stimulation of endogenous production of gonadotropins. However, anti-estrogens are contraindicated in 
patients with baseline elevations in gonadotropins, and this group may be considered for empiric 
therapy with gonadotropins. 


4. Gonadotropin-releasing hormone 


Pituitary gonadotropin secretion is also increased with the use of the synthetic analogs of GnRH. 

These agents have been shown to produce better results than hCG and hMG in the treatment of 
hypogonadotropic hypo-gonadal men, and have been studied in men with idiopathic oligospermia. 
These drugs have a very short biologic half-life and thus require either frequent administration (intra- 
nasally or by subcutaneous injection) or the use of a portable pump for pulsatile subcutaneous infusion. 
A prospective trial of a GnRH analog for the treatment of oligoasthenospermia demonstrated a 
Statistically significant improvement in both sperm concentration and motility as compared to results in 
the group treated with clomiphene citrate. 

Because of the enormous expense of GnRH and the lack of specific dosage recommendations, this form 
of therapy should be used only in clinical trials. 


5. Androgens 


Three randomized prospective controlled studies have been published, and all of them were negative. 
Seminal variables were not significantly altered during the course of therapy, and pregnancy rates were 
either similar to or lower than those of similar patients receiving placebo. 

It is for these reasons that oral androgens are not recommended in the treatment of the infertile male. 


Testosterone-rebound therapy 


Exogenous testosterone therapy can produce azoospermia or severe oligospermia through the inhibition 
of gonadotropin secretion. 

It is for this reason that exogenous testosterone should never be administered in men desiring fertility. 
"Testosterone-rebound therapy" is based on the theory that after the withdrawal of testosterone 
therapy, spermatogenesis will resume within four months, and the sperm count may be even higher. 
Some authors noted improvement in spermatogenesis in oligospermic men after a course of suppression 
with testosterone. Subsequent studies demonstrated improvement in seminal variables in 20-67% of 
men so treated, and pregnancy rates ranging from 14% to 41%. 
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Suppression of spermatogenesis has been induced with either testosterone ester injections given weekly 
(200 mg) or combined testosterone ester injections (200 mg every third week) and high-dose oral 
androgens (norethandrolone. 20 mg/day). Unfortunately, from 4% to 8% of patients have had lower 
sperm counts after therapy, and azoospermia persisted in some patients. 

However, the only controlled study of testosterone-rebound therapy was performed in a very small 
group of patients and did not show any efficacy of this form of treatment. 

It is for this reason, together with the overwhelming evidence that exogenous testosterone is in fact 
detrimental to sperm production, that this form of empiric medical therapy has been abandoned by the 
medical community and has not been the subject of further study in recent years. 


6. Miscellaneous-treatments 


i. L-carnitine 
There are some data to support the role of L-carnitine as an antioxidant. 
Men with idiopathic infertilitv have been shown to have low levels of seminal carnitine. 
A number of uncontrolled studies have demonstrated reasonable results in infertile men and the drug 
has been a popular supplement during the past 10 vears. 
Studies reporting the results of treatment are conflicting. A recent randomized controlled study showed 
modest improvement in sperm motility and a 20% pregnancy rate in men with idiopathic 
asthenozoospermia. However, another recent controlled study showed no statistically significant 
improvement. 


ii. Kallikrein 


A study reporting improvement of semen parameters by the use of Kallikrein enzyme 600KU/day in infertile 


males has not been substantiated by two more recent studies that showed no significant benefit of Kallikrein 


over placebo. 


iii. Indomethacin 


Prostaglandins have been shown to have an inhibitory effect on testicular steroidogenesis and 
spermatogenesis in vivo and on sperm motility in vitro. These observations suggest that prostaglandins 
may play a role in both testicular function and sperm maturation. 

Therefore, suppression of prostaglandin synthesis with non-steroidal anti-inflammatorv drugs has been 
suggested as a form of therapy for sub-fertile men. 

One controlled study has suggested an increase in FSH, LH, and testosterone levels in men treated with 
both indomethacin and ketoprofen. Prostaglandin levels in the seminal fluid decreased as well. With 
75mg/dav of indomethacin, there was a significant increase in both sperm count and motility, and the 
pregnancy rate was 35%. 

This is an interesting, inexpensive, and relatively nontoxic form of therapy, the only adverse side effect 
being gastritis. Further study is required to identify the patients best suited for this form of therapy. 


iv. Vitamins C, E, A, and other antioxidants 


Reactive oxygen species (ROS) include free radicals, oxygen ions and peroxides and are found at high 
levels in up to 40% of infertile men. 

ROS are usually not found in the semen of fertile men. Vitamins such as vitamin C and E, as well as 
pentoxifylline and allopurinol, are known to have antioxidant activity. 

It has also been shown that infertile men as well as male smokers have low levels of ascorbic acid in their 
semen, which can contribute to their infertility. It is for this reason that supplementation with these 
agents has been proposed to decrease the endogenous oxidative damage to sperm. 
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It is important to note, however, that low levels of superoxide anion may in fact be important to the 
acrosome reaction and therebv criticallv affect abilitv to fertilize. No randomized, controlled studies 
have demonstrated a benefit of svstemic administration of antioxidant on male. infertilitv. 
Administration of high-dose antioxidants has potential beneficial effect on male fertilitv; but also has 
theoretical adverse effects. It is for this reason that their use should be limited to low or moderate doses 


oniv. 
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CHAPTER 21 
ASSISTED REPRODUCTIVE TECHNIQUES (ART) 


Introduction 


Following thorough evaluation of both the male and female partners, the phvsician mav emplov assisted 
reproductive technologies (ART) to increase the chances of a successful pregnancv. 

Intrauterine insemination (IUI) is often a first-line therapy, especially when the female has a documented 
normal ovulation, and the male presents with deficits in sperm concentration and/or motility. 

In-vitro fertilization (IVF) and/or intracytoplasmic sperm injection (ICSI) is most commonly utilized when 
there are severe deficits in sperm parameters, including questionable sperm fertility potential or long- 
standing, unexplained infertility of either male or female origin, or both. 


Sperm processing 


To achieve the best possible outcomes, semen must first be processed to remove all contaminants and to 


concentrate the motile spermatozoa into a small volume that can easily be placed directly into the uterus. 


Steps 
1. Separation 


Concentrated sperm with the best motility are separated from other debris (poor or non-motile sperm, 


white blood cells, etc.) by using a colloidal solution of different densities. 
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. Washing 


Sperm washing is a technique used to remove sperm from the semen to initiate capacitation, and to 
concentrate the motile population of sperm into a small volume that can easily be used in ART. This 
process uses media that provides a buffered environment that is able to support sperm motility and 
vitality which is required for successful fertilization. 

IUI requires a higher concentration of motile sperm for deposition into the uterus, since there is 
significant loss of sperm during transport through the female reproductive tract. For IVF and ICSI, direct 
insemination of the oocyte can be achieved with very few sperm (50 000 - 100 000 sperm) in a culture 
dish, with a single spermatozoon injected directly into each retrieved oocyte. 

The source of the spermatozoa to be processed for IUI is generally the entire ejaculate or frozen semen 
specimen, whereas the source of the spermatozoa used for IVF and/or ICSI can be from the ejaculate, 
from a testicular or epididymal aspirate, or extracted from testicular biopsy tissue. Spermatozoa can also 
be separated from neutralized urine in cases of retrograde ejaculation. The urine is usually alkalinized by 
catheterization of the bladder and instillation of nutrient media or buffer prior to attempted ejaculation. 


Intrauterine insemination (IUI) 


Introduction 
Artificial insemination — also called intrauterine insemination or IUI — is a relatively “low-tech” form of ART, 


though it is by far the most frequently used of all ART techniques. 


Indications 


1. IUI is indicated for couples with unexplained infertility. 


2. Mild to moderate male-factor infertility. The most common male factor is oligospermia. 
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3. Certain female factors, such as antisperm antibodies or a hostile cervical environment. Tests should be 


made by the gynaecologist to ensure tubal patency and normal hormonal profile. For a woman, the only 


absolute contraindication to IUI is bilateral tubal occlusions. Advanced maternal age and severe elevations in 


FSH are not contraindications, but are indicators of a poor prognosis. 


Requirements 


Now many centers have success with lower cutoff values, such as 5 million motile sperm, or even 1 
million motile sperm. 

Forward progression on semen analysis is important, though interestingly, centers that use the lower 
cutoff values often do not make a distinction between the various grades of motility. 

Pre-screening for couples attempting an IUI procedure includes testing for infectious diseases(e.g. 
hepatitis and STDs), genetic abnormalities, and general medical problems, such as anemia. 


Procedure 


The man is asked to ejaculate into a sterile specimen cup that is subsequently labeled. 

A basic semen analysis (volume, concentration, motility) is then performed on an aliquot of the sample. 
If the specimen's parameters are adequate, 1.5 mL of sperm wash media (SWM) are added to the 
remainder of the sample, which is then centrifuged at 300 x g for 15 minutes. 

This step is repeated twice, and the resultant pellet is ultimately re-suspended in the SWM (0.5 mL) and 
transferred to a sterile syringe and packing straw for the actual insemination. 

Insemination takes place in the physician's office, and must be done on the expected day of ovulation. 
The female patient lies in a dorsal lithotomy position on a standard gynaecological examination table 
with her feet in stirrups. A speculum is placed in the vagina and the cervix is visualized. Neither local 
anaesthetic nor antibiotic prophylaxis is needed. The sperm specimen is aspirated into a 1.0 mL syringe 
and the plastic syringe is attached to a flexible 18 cm polyethylene catheter (a standard intrauterine 
insemination catheter). 

All air is removed from the syringe and the catheter is inserted through the endo-cervical canal; it should 
extend 5.5 cm in a typical uterus. The sperm are then injected. 

Mild cramping may occur. After the injection, the catheter is slowly removed and the patient is 
instructed to remain lying flat and still for 15 minutes. The woman can resume her normal activities 
upon leaving the office, and subsequent sexual intercourse has not been shown to impede fertilization, 
but most physicians recommend abstinence for 24 hours after insemination. 


Success rates 


Age is perhaps the most important factor. Women in the 35- to 39-year range have an approximately 
50% reduction in pregnancy rates per natural IUI cycle. These women tend to benefit dramatically from 
the addition of ovulation inducers - clomiphene citrate or gonadotropins(more effective). 

Severe oligospermia negatively impacts success rates of IUI. In general, patients need 5-10 million motile 
sperm to have a successful IUI. However, there are exceptions, with some centers reporting success with 
as few as 1 million motile sperm. Abnormal sperm morphology has been associated with poorer IUI 
outcomes both for IUI alone and for IUI with clomiphene or gonadotropin stimulation. In addition, 
abnormal sperm morphology has been associated with higher IUI complication rates such as miscarriage. 
Numerous studies have shown that varicocelectomy in patients with varicocele before IUI improves 
success rates 
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e In nonobstructive azoospermic men, sperm can be located in small numbers, but neither the quantity of 
sperm nor their motility is sufficient for IUI. Obstructive azoospermia patients, on the other hand, can be 
candidates for IUI. 


Complications 

IUI is safe, though it is not complication-free. IUI complications may be classified into medication side effects 
and pregnancy complications. 

Medication side effects 

Drug-induced side effects are not dose-related, as they can occur at the 50 mg dose of clomiphene citrate. 

1. Uncomplicated ovarian enlargement develops in approximately 14% of women. 

2. Hot flashes are common, occurring in 10-20% of women. They may be due to hypo-estrogenism at the 
hypothalamic level due to clomiphene blockade of estrogen receptors. 

3. Problems related to the hyper-estrogenic environment induced by clomiphene citrate include abdominal 
distension (5.5%), nausea and vomiting (2.2%), and breast discomfort (2%). These side effects rapidly abate 
soon after cessation of therapy. 

Pregnancy complications 

1. Multiple gestations, reported in 6.9-9% of pregnancies, triplets in 0.3-0.5%, quadruplets in 0.3%, and 
quintuplets in 0.13%. 

2. Spontaneous abortion and visible congenital malformations occurred in 14.2% and 2.3%, respectively, 
rates that are comparable to those in mothers who ovulated spontaneously. 


In-vitro fertilization (IVF) for male infertility 

Introduction 

e The birth of Louise Brown in 1978 following in-vitro fertilization (IVF) by Steptoe and Edwards com- 
menced a new era in assisted reproductive technology (ART). 

e IVF was first used with success for couples with male-factor infertility in 1984. 

e Gamete micromanipulation techniques have been applied in couples where conventional IVF could not 
be used. Initially, the formation of a small hole in the zona pellucida allowing the sperm direct access to 
the oolemma was elaborated (zona drilling [ZD] and partial zona dissection [PZD]). After that, the micro- 
surgical injection of sperm in the peri-vitelline space was settled (subzonal insertion of sperm I(SUZI)). 
More recently the microinjection of sperm directly into the egg itself has resulted in a significant 
improvement in pregnancy rates (intracytoplasmic sperm injection [ICSI]). 


In-vitro fertilization (IVF) 
Technique 
e Although IVF can be performed with some success in the un-stimulated menstrual cycle, it has become 
widespread practice to carry out this treatment in combination with hormonal stimulation of the ova- 
ries, so that multiple oocytes become available for IVF. The improved pregnancy rate of IVF after 
hormonal stimulation of ovarian follicular development results mainly from: 
o The selection of several fertilized oocytes and their in vitro culture up to the embryonic stage allows 
for many fertilized oocytes to be frozen and used in the future. 
o Ovarian stimulation also provides a better assessment of the events controlling follicular maturation, 
in turn leading to the collection of more mature oocytes with high developmental capacity. 
o Furthermore, ovarian stimulation compensates for clinical and subclinical defects in the follicular 
development of some patients. 


Motile spermatozoa are separated from immotile spermatozoa, non-spermatozoal cells and seminal 
plasma. Subsequently, a defined number of motile spermatozoa are then co-incubated with an oocyte in 
a complex culture medium, designed to mimic the tubal fluidic environment. 

After identification of successful fertilization, either at the pronuclear stage, at an earlier cleavage stage 
or at the later blastocyst stage, the embryos are placed in the uterine cavity for nidation in the 
endometrium and pregnancy. 

Unfortunately, the early high expectations of conventional IVF for the treatment of severe male infertil- 
ity were not fulfilled for several reasons. 

First, the prolonged co-incubation of sperm and oocytes is associated with a significantly reduced 
pregnancy rate compared with a co-incubation time of 4-5h and the presence of an excessive 
concentration of spermatozoa around the oocyte may in some cases compromise the pregnancy rates. 
In observational studies involving couples treated because of male infertility only the success rates of IVF 
were the lowest of all and were not better than the spontaneous conception rate during a 6-month 
waiting period. 

The advent of ICSI has now replaced conventional IVF in the treatment of severe male infertility. IVF is 
still used for the treatment of female infertility, such as tubal infertility or unexplained infertility. 


Disadvantages 


Ovarian hyperstimulation and the transfer of more than one embryo at the time entail a high incidence of 


multiple pregnancies. Multiple pregnancies, particularly in previously infertile women, are associated with 


considerable obstetric and neonatal risks. The rapidly increasing number of treatments with assisted 


reproduction leading to more deliveries of multiples has caused an upsurge in the numbers of prematurely 


born neonates. Consequently, there is a multinational trend to replace only one single embryo per cycle 


selected from a group of growing embryos based on morphological assessment. 


Controlled ovarian hyper-stimulation 


Controlled ovarian hyperstimulation is defined as hormonal manipulation during the ovulatory cycle so 
that instead of producing one oocyte, the ovary is stimulated to release multiple oocytes. 

Pregnancy rates in IVF and ICSI can be raised significantly by the presence of higher numbers of available 
oocytes. 

Most patients are given gonadotropin-releasing hormone (GnRH) agonist and then treated with 
gonadotropins. Aministration of GnRH agonists leads to significantly higher pregnancy rates in IVF and 
ICSI. 

When stimulated follicles reach a mean diameter of 17-19 mm, human chorionic gonadotropin (hCG) is 
given, and about 35 hours later oocytes are collected by ultrasound-guided transvaginal aspiration. 


Embryo transfer 


Mature oocytes are inseminated in a Petri dish and examined 18 hours later for morphologic proof of 


fertilization. A fertilized zygote contains two pronuclei and two polar bodies in the peri-vitelline space. 


Seventy-two hours later, the embryos are at the 4-cell to 8-cell stage and are ready to transfer (Fig.22.1). 


Some embryos can benefit from an extended culture to reach the blastocyst stage. 


Intracvtoplasmic sperm injection (ICSI) 


Originallv described in 1988, with the first reported pregnancies documented in 1992, ICSI was created to 
offer a new treatment option for couples with severe male-factor infertilitv who could not be helped bv 
conventional IVF. 


Technique of ICSI (Fig.22.2) 

e Ovarian stimulation, oocyte retrieval, and sperm preparation are performed as for conventional IVF. 

e Oocytes are prepared by removing the surrounding acellular material with enzymes. 

e ICSI is performed on all metaphase II oocytes (mature oocytes). 

e The oocyte is stabilized with a holding micropipette and injected under an inverted microscope at 400x. 

e Individual single sperm are aspirated from a prepared semen specimen and injected directly into an 
oocyte immobilized in a droplet of medium under paraffin oil. The polar body is held at the 12 or 6 
o'clock position, and the injection micropipette containing the single sperm is pushed through the zona 
pellucida and oolemma into the cytoplasm of the oocyte. 


Indications for ICSI 
ICSI should be used mainly for irreversible or uncorrectable male-factor infertility, except for couples who 
have had a fertilization failure in a previous IVF cycle or in a condition called "rescue" ICSI, where ICSI is 
performed on day 2, after the failure of fertilization on the first day utilizing standard IVF. Indications of ICSI 
in male factor infertility are given in Table 22.1. 


Table 22.1 indcations of ICSI in male infertility. 


Sperm source Indication 
Ejaculated sperm Severe oligoasthenospermia 
Abnormal sperm morphology 
Immunologic infertility 


Ejaculatory disorders 


Epididymal sperm Obstructive azoospermia 


Testicularsperm e Non-obstructive azoospermia 
e Necrospermia 


Advantages of ICSI 
1. ICSI by far needs less number of sperm than all other forms of assisted fertilization. 
There is no relation between sperm dysfunctions and the fertilization rate. 
The success rate of ICSI in male infertility is not limited by semen characteristics such as concentration, 
progressive motility or percentage normal morphology, nor by the degree of physiological maturation in 
the testis and the epididymis, nor by the exhibition of capacitation by the spermatozoa. 


Successful pregnancy using ICSI has been achieved in some of these conditions: 

e The presence of anti-sperm antibodies in male immunological infertility. 

e Rare and sporadic forms of male infertility which are probably caused by mutations, such as 
globozoospermia and total sperm immotility. 

e In men with complete immotile spermatozoa, such as in the Kartagener syndrome the vitality of the 
spermatozoa can be identified by using the swelling test. With this method the intactness of the mem- 
brane of a spermatozoon is used to determine its vitality. 
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e ICSI can be performed successfully with frozen-thawed spermatozoa from tumor patients in whom 
sperm quality was often already impaired in the original ejaculate and who could not be treated 
successfully with earlier treatment modalities 


Low success rates using ICSI may be found in at least four different clinical entities: 

1. In hypergonadotropic azoospermia if sperm have to be retrieved from testicular tissue as embryonic 
development appears to be disturbed, possibly because of apoptosis in the spermatozoa with DNA 
damage. 

2. In some cases of globozoospermia because of failure of oocyte activation and this can be overcome 
by artificial activation of the oocyte. 

3. In necrozoospermia, in which all seminal spermatozoa have lost their vitality because of some 
degenerative process or in semen samples displaying much apoptosis leading to DNA damage. 
However, the collection of spermatozoa from the testicular tissue (Testicular Sperm Extraction 
[TESE]) may be helpful under these circumstances. 

4. Using spermatids in ICSI was unsuccessful in most trials. There is much concern about the health of 
the offspring conceived through this technique, especially sex-chromosome abnormalities. 


Factors affecting the outcome of ICSI 
1. Maternal age 
Maternal age is the single most important predictor for having a successful outcome in IVF and ICSI. Women 
aged over 40 years were noted to have one-sixth the number of clinical-pregnancies of women aged under 
34 years. 


2. Paternal age 
Similar to maternal age over 35 years, paternal age over 40 years is a key risk factor in reproduction. 


3. Sperm factors 

The only time semen parameters had a significantly adverse effect on fertilization and pregnancy rates with 
ICSI was when there were no motile sperm. There are lower success rates when using abnormal sperm for 
ICSI. 


4. Sperm DNA integrity 

Sperm DNA integrity is an essential requirement to achieve pregnancy in natural conception as well as for 
IVF and ICSI outcomes where the natural process of fertilization is circumvented. A higher degree of sperm 
DNA damage has been found in couples presenting with unexplained recurrent pregnancy loss. 


5. ROS level 
High ROS levels are associated with decreased pregnancy rate following IVF or ICSI. 


6. Azoospermia 
Epididymal and testicular sperm from obstructive azoospermia patients had fertilization and pregnancy rates 
comparable to those from patients for whom ejaculated sperm could be used. 
Testicular sperm from patients with non-obstructive azoospermia have also been reported to achieve 
acceptable fertilization and pregnancy rates. However, there was a statistically significant decrease in 
fertilization and clinical pregnancy rates in the non-obstructive azoospermia group when compared to 
patients with obstructive azoospermia. This is possibly due to the use of less mature spermatozoa than in 
men with normal spermatogenesis. 
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7. Crvopreservation 


o There is no significant difference in quality between fresh and frozen-thawed epididymal or 
testicular spermatozoa in patients with obstructive azoospermia. 

o There is much concern about non-obstructive azoospermia patients undergoing testicular sperm 
extraction (TESE), because of the inherently lower number and unsatisfactory quality of sperm 
that are retrieved using this procedure. 

o There are contradictory reports in the literature about the success of using fresh or frozen sperm 
from both the epididymis and testis for ICSI. 


Risks of assisted reproductive technology 


1. Ovarian hyperstimulation syndrome 
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One of the most significant risks associated with ART is the ovarian hyperstimulation syndrome 
(OHSS). It occurs in 1-4% of patients undergoing stimulation and usually occurs 5-7 days after hCG 
administration. 

Extensive transudation of fluids rich in albumin leads to intravascular depletion, with subsequent 
haemo-concentration and hypo-albuminemia. 

Accumulation of fluid into the peritoneal and thoracic cavity is responsible for symptoms such as 
abdominal distension and pain, nausea, vomiting, diarrhea, and dyspnea. 


2. Multiple pregnancies 
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The major risk after ART is the occurrence of multiple pregnancies. Approximately 29% of all IVF and 
ICSI cycles resulted in a twin gestation, and an additional 5% of cycles were reported to be triplets or 
higher order. 

The success rate for three or two embryos transferred were similar, and this reduction essentially 
eliminated the risk of higher-order multiple pregnancies. 


3. Genetic defects in the offspring 
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The bypass of natural barriers to fertilization, the possibility of genetic defects in men with severe 
oligoasthenoteratozoospermia, and the use of severely abnormal sperm for ICSI have aroused 
doubts about the impact of ICSI on the genetic defects in the offspring. 

Prenatal testing was used in 1586 ICSI fetuses after fresh embryo transfer. Abnormal fetal 
karyotypes were found in 47 samples (2.9%). 


4. Birth defects 
One of the largest retrospective studies found a greater than twofold risk of birth defects in both 
conventional IVF (9.0%) and IVF/ICSI (8.6%) children compared to controls (4.2%). 


Cost of ART 


The costs of ART must take numerous factors into consideration, including: 


The evaluation of the patient. 

The need for expensive fertility drugs to cause the eggs to mature. 
Surgical intervention to retrieve the eggs. 

Fertilizing and incubating the embryos. 

Multiple gestation pregnancies. 

Complications associated with preterm labour. 


Prolonged hospitalization. 


Sperm crvopreservation 


Possible sources include: 


1. Appropriatelv collected ejaculated semen. 


2. Postejaculate urine. 


3. Surgicallv retrieved testicular tissue. 


Crvopreservation of spermatozoa 


The most successful methods for crvopreservation of human spermatozoa is the slow freezing technique 
consisting of progressive sperm cooling over a period of 2-4 h in two or three steps. 

The manual method is performed by simultaneously decreasing the temperature of the semen while 
adding glvcerol as a crvoprotectant in a stepwise manner. 

The optimal initial cooling rate of the specimen is from room temperature to 5°C is 0.5—1'C/min. The 
sample is then frozen from 5°C to -80°C at a rate of 1-10°C/min. The specimen is then plunged into 
liquid nitrogen at -196°C. 

In rapid freezing the sample is initially mixed with equal volume of cold cryoprotectant; the mixture is 
loaded into the straws and left to incubate at 4°C for 10 minutes. The straws are then exposed to liquid 
nitrogen vapour (-80°C) for 15 min; after this stage, the straws are immersed in liquid nitrogen. 


Cryopreservation of testicular tissue 


Advanced-stage germ cells, namely spermatids and spermatozoa, can be retrieved successfully from cryo- 


preserved testicular tissue using mechanical extraction or enzymatic digestion and used subsequently for IVF 
or ICSI. 


Specimen storage, and thawing 


It is critical that the samples remain below the liquid nitrogen surface until they are removed for thaw- 
ing. When subsequently checked for specimen identification and location, it is imperative that the canes 
not be taken into room temperature, even momentarily, and dipped back into liquid nitrogen. Even 
though a change is not visible to the naked eye, this could result in raising and lowering the core 
temperature of the frozen specimen, leading to cryo-damage to the cells. 

As a rule in cryobiology, thaw rates should match the freezing rates. Thus, since human sperm are frozen 
at rapid freezing rates, the thawing protocols should include rapid thaw rates. This can be best 
accomplished by placing the cryovials or straws in a 37°C water bath for five minutes. 

Once thawed, the sperm should be processed immediately to remove the cryo-protectants and avoid 
glycerol toxicity. This can be accomplished by dilution in buffered medium with 0.3% serum albumin, 
followed by centrifugation and a second wash. 


Applications of sperm cryopreservation 


1. Donor semen (semen banks) 


2. Collection of sperm for future insemination prior to vasectomy or planned chemotherapy for cancer 


3. Utilization of surgically retrieved sperm for IVF/ICSI in cases of azoospermia 


